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Fig. 6. 


ſion by y Light reflected from Mimours or 


Line G H, that 1s 1 to and 
the Middle of each 


the Reaſon of their Imperfection explained. 
Of REFLECTING TELESCOPES, withtheir 
Theory at large explained. Of the CAMERA 
OBscuRA, and its various Uſes. Qf*he 
ScioPTIC BALL and SockET. Of the 
SoLAR TELESCOPE; and SOLAR Micko- 
SCOPES of ſeveral Sorts. Of the new-m- 
vented HELIoSTATA F $'Graveſande, 
with its Theory, and Manner £4 Uſe ex- 
| me 


E are now 8 to that Part of 
Natural Philoſophy which treats 
of Vi fon, and the various Phænomena 
of viſible Objects, by Rays of Light 
reflected from Mirrours, and tranſmitted 
through Lenſes, which conſtitute the Sub- 


ject of the moſt delightful Science of 


Or x ies (CXXV.) 
Tux 


TN 48. pTICs is divided into Two Parts, 
' CATOPTRICS IOPTRICS. The former treats of Vi- 
liſhed Sur- 
the latter of Viſion effedted by Light tranſ- 


faces ; 3 


. fnitted through Lenſes. Of theſe Lenſes the ſeveral 
| Sorts in Uſe. are the Plano-Convex A, the Double- 


Convex B, the Plano-Concave C, the Double-Concave 
D, the Meniſcus E, (which is convex on one Side, and 
concave on the other) and the Hemiſphere F. The 
es through 
ns, is called the Axis of the Lens, 
and that Middle *r the Vertex of the Lens. 

2. As 


| 0 PICO 2 
Tx principal Things here to be con- 


ſideted are, Firſt, the Rays of Light; Se- 
Rt condly, 


. 2. As Rays of Light fall on theſe Glaſſes, they are 
variouſly reflected and reſracted, as above deſcribed in 
the Lecture. The Theorems which ſhew the different 
Effects of all theſe Glaſſes in reflecting and refracting 
the Rays of Light, and forming the Images of Objects, 
are inveſtigated ſeveral Ways; one of which is by A 
gebra. By this means Dr. Halley has raiſed a general 
Theorem extending to all the particular Caſes of every 
Kind of Optic-Glaſles of a ſpherical Form, and which 
I have largely applied and exemplified in my Treatiſe of 
f1cs, | | 
3. Another Method of doing this is by Fluxtons, 
which is eaſy and univerſal, comprehending all the Caſes 
of Mirrours and Lenſes of every Form. This I propoſe 
to exhibit and illuſtrate here for Variety, and for the 
Genuineneſs and Excellency of this Method above all 
others, it depending on Principles that are more of a 
8 than of a Mathematical Nature. It is as 
ollows. if 
4. Let VB G be the Section of any curved Superh- Plate 
cies of a Medium VG HI, V the Vertex, and AI XLII. 
the Axis of the Curve VG. From any Point in the Fig. 7. ' 
Axis A let a Ray of Light A B be incident on the Me- 
dium in B, which ſuppoſe refracted to a Point F in the 
Axis. Then, by having given the iſtance of the ta- 
diating Point A D, the Sine of Mcidence B D, we, 
are to find qe focal Diſtance, VF after Reſraction. 
5. To do this, from the Point B let fall the Perpen- 
dicular B D to the Axis; and putting AV rd, AB=zp 
B F , VD=+», BD=y, and VF ß then will 
DF S- , AD SANT HET TuT , 
andv=4/ 27 ona*; and therefore in 
| y + dz + xx * 
Fluxions 5 er ndr 
. * i 2 
S727 >. 
Re 2 


6. Buy 


OyrrTiIcs. 
condly, the Glaſſes by which they are reflected 


and reſracted; Thirdly, the Theorems or Ilaws 
relating 


1 9. But 2 and © being the Fluxions of the incident 
1 and refracted Ra 55 will repreſent their Velocities before 
il and after Refraction, which Velocities we have ſhewn 
Eos (Annot. CXVII.) are as the Sines of Incidence and Re- 
9 | fraction m anden; whencez: :: : 1. And from the 
| j Nature of Refraction rv explained) it is manifeſt 
_ that while the incident Ray increaſes, the refracted Ray 
'| | | decreaſes ; therefore their Fluxions muſt have contrary 
| Signs, viz. + 2, and = . Wherefore 2: — b:: 
IF ae + as f*—yy —xX 


= Sf ae V = 
8 
1 2 7. Now becauſe in thoſe Mirrours and Lenſes which 
| | are of common Uſe in Optics we regard only. the Fo- 
cus of thoſe Rays which fall very near the Axis, in 
which Cafe the . B V is very ſmall, and therefore 
VD = x = o nearly; therefore x x and x + may be re- 
jected, without * affecting the Value of the Ex- 


2 | . 
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and fo m « = x : 
| D 
uation we ſhall find F = F V, in 
| any” Curve VGt 


14 i 1 the 3 expreſüng its Nature, 

{| Thus if VG be a CiRcLx, its e 

| g — xx, (where CB = r the Radius } luxion of 

. : which is yj=r + — x #3 and fince x = 0, we have 

of 4 $Y = JA= 7 2 and, ſubſtituting theſe Values in the 
general Equation above, we haye n x — = =x-X , 


5 PLS Pos : F 
14 44. _ r + 
8 —— and, dividing by „m X ky 25 _— er | 


therefore m df — 1 r= nrf + 24 _ thence 


| | 
| mad r FEES V 

is ; * n 1 

lt | eh 


0 


= 
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Op rices. 


relating to the Formation of the Images of 
Objedts thereby; Fourthly, the Nature of Vi. 


Fon, 


9. If the Medium be Glaſs, then m: n:: 3: 23 
—— 


therefore 7 = f. And for parallel Rays 4B, 
d r 
where d is aa we have — 3 RY =3r = 


F. 72 in Water, where m: :: 4: 3, we 
have ay = * — - 
n 


- and 4r = f = V F, for-pa- 
his 1 3 (in Art. 7.) may be alſo adapted 


to the ELL1Ps1s, the Equation of which Curve is y y = 


px x Pp «© —_pxx 
px = , „which in Fluxions is yy = — bard, 


putting x = o, we have y = , 7 =, which Vas 


lues ſubſtituted i in the general Equation give = 2 


and when d is infinite, or the Rays parallel, hog nL = 


V F, the focal Diſtance of the Ellipſis VG, a fourth 
Part of the Latus Reftum from the Vertex, for the Sun- 
Beams. The Expreflion is alſo the ſame for an Hy- 


PERBOLA V G, becauſe only 2= affected with a 


different Sign, and vihiſhes in chat * uation alſo. 
11. If VG be a PARABOLA, its Equation is y y = 
p x, and in Fluxions 2 yy = þ # 3 whence, ſince x.= . 


we haveyy =& y 5 = * which ſubſtituted as before 


give 5 =f1 and in caſe of parallel Rays, or de 


Sun-Beams, == —-2 


V, the Focus or Burning-Poin of 
the Parabola. 


B3 12, Hence 


33 
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© fron, and Structure of the Eye and Fifthly, _ 
the Structure and Uſe of the principal Optical 
Inſtruments. | 
TRE 


12. Hence we obſerve, that in the Circle VG, whoſe 
Radius C B is equal to half the Latus Rectum of the El- 
lipſis or Parabola, wiz, r = <p, the Focus will be at 

the ſame Diſtance from the Vertex V, or V F will be 


TE . 
the ſame in all; for then it is * N Fin 
all the Curves, and conſequently the Circle, Ellipſis, and 
Parabola, have all the ſame Degree of Curvature at the 
Vertex V in this Caſe, | 

13. When 4 = 2 r, er d = þ, then the focal Diſ- 


Fg — 


4 4 
| » tance f = 3 : == VF becomes infinite; that 


is, if the Radiant Point A be at the Diſtance of the 
Diameter of the Circle, or the Parameter of the Conic 
Section from the Vertex V of the Medium of Glaſs, 
then the Rays will be refracted parallel to the Axis. 
And, vice verſa, parallel Rays will be refracted from a 
Subſtance of Glaſs by a ſpherical Surface to the Diſtance 
of the Diameter of the Sphere; or from an elliptical or - 
parabolical Surface to the Diſtance of the Latus Rectum, 
from the Vertex V. | 

14. After the fame Manner we expreſs the ſeveral 
; Fes of a 8 9929 Ellipticab or Parabolical reflecting 
Plate Surface V B G, that is, ſuch a onę where the incident 

Ray A B is reflected from the Point B inſtggd of bein 

Fig.8, refracted; and then ſince the Angle of Incidence A B 

is equal to the Angle of Reflection L B K, the Ray K B 
| will be ſo reflected from the Point B as if it came from 
1 a Point F in the Axis, and therefore that Point F we 
| | muſt conſider as the & ocus of reflected Rays. In this 
[ Bm Caſe the Velocities of the incident and reflected Rays are 
i | the ſame, viz. & = v, and both affirmative; alſo m = 7, 


| " "Þp | 1 + 4at* * "JJ fo +.a+ 
e © YH —afxbs 


4 : 7 977 
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Ortes. 7 
Tux Rays of Light are diſtinguiſhed into : 


three Sorts, viz. Parallel, Converging, and 


Diverging 


or, putting x = 9, Jy =0, and yy =r 3, or T5 | 
#35 


(as above) then this general Theorem becomes 53 7 


= F VF, in the Circle; mw VF, in 
the Ellipſis, Hyperbola, and Parabola. N 
15. If 4, or AV, be infinite, as in parallel Rays, 
F 

＋ T 24 2d © Z r=f= 
VF, in the ſpherical convex Mirrour VG; but if the 
ſaid Mirrour be Elliptical, Hyperbolical, or Parabolical, 


: then © = + þ =f=VF. But becauſe the Rays 


B K do not actually proceed from the Point F, that 
Point is in this Kind of Mirrours called the Virtual 
Focus. 3 
156. If the Radius B C = of the convex Mirrour be 
infinite, the ſpherical Surface VB G will become à Plane, 
vix. a plane Speculum or Looking-Glaſs, as VB G in 
ar 4 r Plate 


the following Figure ; and the Theorem T7" XLII. 


=d—=f=VF, that is, AN is equal to VF, or the Fig · 9. 
Incident Ray A B is fo reflected at B into BK as if it 
came from a Point F, juſt as far behind the Glaſs as the 
Radiant A is before it. | | 

17. Furthermore, if r=B C be fuppoſed greater 
than Infinite, or from affirmative to become negative, 
the Centre C will then lie on the contrary Side, the Spe- 
culum VBG will become concave, and in the Theo- 
rem u r muſt have a negative Sign, which then will Fig. 10. 
be - — F = V F, which ſhews that in concave 15 
Mirrours, when d is leſs than Ir, that is, when A Vis 
leſs than 4 CV, the Focus f will be affirmative, or on 
the ſame Side as before; or the Ray AR will be ſo ro- 

34 fleced 


or the Sun-Beams, then 


or res, * 


Di verging "TEN Parallel Ra ys are ſuch as 
in their * r always an equal Dif. 
tance 


flected at B ino B K as if it came from a Point F be · 
hind the Speculum. 

18. When 4 = Ar, or AV =E CV, chen is the 
Focus F at an infinite Diſtance, the Theorem then being 


= A; ſo that in this Caſe all the Rays AB will 


be reflected parallel to the Axis, as B X. But when 4 
is greater than wh. „ then the Focus F will be negative, 


or it will be — = —f. Wherefore in this Caſe 
r 


| the Focus F will be on the ſame Side with the Radi. 
: bi ant A, 
| 10. Laſtly, when d x. then alſo f r; that is, 
if the Radiant A be placed in the Centre C, the F ocus 
F will be there too; or, in other Words, Rays pro- 
ceeding from the Centre will be reflected 2 
themſelves. 5 | 
20. On the contrary, (in all theſe | Caſes) convergin 
Rays K Z are reſſect to a Point in the Axis leſs dif. 
| tant than 3 CV, or half the Radius. Parallel — 
[ 5 K B are reflected to that Point F of the Axis where FV 
F | =+F CV. This will therefore be the „ o 
1 the Sun's Rays, and is the Solar Focus above mention 
2 Rays have their Focus at a Diſtance from the 
— f eater than half the Radius CV. 
1. ir B G be an Ellipſis, Hyperbola, or Para- 
vol the Theorem is found in the ſame Manner to be 
44—p. 
„„ has been ſaid with reſpect to d and Zr in tho 
ſpherical Speculums, is true of d and 4 p in theſe. Thus 
„5 when d A p, the Rays will be reflected parallel to the 


3 


Pee 


== f, in concave Speculums of this Sort; and 


"IN Axis and on the other hand, parallel Rays will be re- 
flected to a Point in the Axis whoſe Diſtance from the 
Vertex V is 2p. Thus the Sun's Rays are collected at 


| a Nie of One fourth Part of the Parameter "(i 
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OrTics 


tance from each other, as ABDC; fi 
as are the Sun's Rays, in their natural State, 


each Section) from the Vertex; and as this is the Burn- 
ince Point, we ſee the Propriety of its being called the 
Facas of thoſe Curves, | - f 


® 


Plate 
* XLVIIL 


"5 Fig. 4. 


22. As within the Curve of an Ellipfis V G H there plate 
are tu of thoſe Focus's, tis obſervable, that if the Ra- XLII. 


diant A be in one Focus, the Rays will be reflected to 
the other at F, wherever the Point B be taken in the 
Perimeter of the Ellipſe. For in this Caſe V v = 4, 
Av=xAP=y=41ip,(frPP=p) AV =d=ea 
— and FVS Av =f = -x; therefore writing 
a — x, and — x for d and — /, in the Equation above, 


23. And the ſame Thing holds with reſpect to the 
Foct of the two oppoſite Hyperbola's VB and v; for 
if the Radiant be in the Focus A of one, any Ray A B 
will be fo reflected into B K, as if it came from the 
Focus F to the oppoſite Hyperbola v 5, as is evident in 
the Figure. In the Parabola V BG, if the Radiant be 
placed in the Focus A, the reflected Rays BK, tending 
to the other Focus at an infinite Diſtance, will be all 


parallel to the- Axis VC, agreeable to what is ſaid 
above, Article 21. 


ö 5 
24. If we reſolve the Equation EI f, into 


an Analogy, we ſhall diſcever that the Axis of the Mir- 
rour is divided harmonically in the Points V, F, C, and 
A; or that it is AV: AC:: VF: FC. For ſuppo- 
ling it to be ſo, we have d: d K:: fir , which 


Fig. 1. 


Fig. 2. 


Fig. 3. 


giyes us the above Theorems ; gk Vi in the con- 


2d + 1 
—d 8 
yex Speculum; and = = V, in the concave. This 


Curious 


10 


Or rI os. 


wich ref pect to Senſe. Converging Rays 
are ſuch as in their | Progreſs approach 
nearer 


curious Property of Speculums was firſt diſcovered by 


the late Mr. Ditton. 

25. We now proceed to apply this Method to Diop- 
tric Problems, that is, to find the Focus of Rays refrac- 
ted through any Sort of Lenſes. To this end We muſt 
recollect, that in Article 8. we had mdf —mdr =nrf 

r+4 


+ n df; whence deduce this other Equation 5 = — 


XLIII. 
Fig. 4. 


of ==; then. = 
2 mn 


r 
Ae þ 
„ ECY 2 
The Ratio of the Sine of Incidence to the Sine of Refrac- 
tion is compounded of the Ratio of the Diſtances of the 
Foci A and F from the Centre C, and of the Ratio of their 
Diftances from the Vertex V. | 
26. If then we conſider Bb (in the double-convex 
Lens VD v) as a converging Ray refracted from Glaſs 
into Air, we ſhall find the Diffance vf, at which the 
refracted Ray 6 f ſhall interſect the Axis of the Lens, by 
the Rule in Article 25. Only here we muſt conſider, 
that the Point A will be negative, or on the ſame Side 
with the Focus f, viz. at A. And as the Refraction is 


out of Glaſs into Air, we muſt uſe the Ratio — inſtead 
Te 08: 
27. Let the Thickneſs of the Lens be VV = t, and 


* 1 a „which in Words is thus expreſſed: 


ff; alſo let the Radius of the ſecond Surface be 


n #f + i=—t f . 
ar fir "Fs? whence f = 
E en 


mf—mt+mr—n 


But if the Thickneſs 7 be inconſiderable, as it commonly 
is, it may be neglected, and then f "fr 


m 4 + m rn f 
4 whencs 


Oprles. of 


nearer and nearer to each other, all of 
them tending towards à certain Point F, 


where 


mfr mdr s 
wth = I ulcoat nome on 


SEP ; 255 ndrr * 
quis — gives f = mrd—nrd + mdr—ndar—nrs* 


gadrr 


| i 8 
and putting "3 wwe have f = Nr 
But in Glaſs, q = 2; and if we * the . 

r * 
equally convex, or v = r, we have f = TE = * f, 
the focal Diſtance of the Ray A B after paſſing through 
the Lens, as required. 

28. If d be infinite, then T = ¶; therefore g- plate 
Rays, or the Sun-Beams, will be collected in a Point f, XLIII. 
whoſe Diſtances from the Lens is equal to the Radius of Fig, 5. 
Convexity, - | 

29. If one of the Radii 7, r, be infinite, the Lens Fig, 6, 


will be a Plano-Convex, and f = — ; and for pa- 


a—2r 
rallel Rays where d is infinite, f =2r. 

30. If both the Radii be infinite, the Lens then is no 
other than a pain Glaſs terminated by two parallel Sides; 
and the Focus f will be at an infinite Diſtance for paral- 
lel Rays, or they will be parallel after Refraction as they 
were before. | 

31. If one Radius r be infinite, and the other 1 ne- Fig. 8. 
gative, then will the Lens be a Plano-Concave ; then 


will the Theorem be nd = f, which is therefore ne- 
d+2r 


gative, or the Rays proceed diverging after Reſraction. 
When dis infinite, the Thforem is . = — 27 
= f, or parallel Rays diverge from a Point F, at the 
Diſtance of twice the Radius of Concavity. 1 
32. If both of Me Radii be negative, the Lens be- 


Fig. 7. 


» 


gomes a Double-Ganeave ; and if-d be infinite, and the Fig. 9. 


A 


— ——— NS Ie ren 


mm ( *˙ ům-¼ i' !⅛ ! __ — —— 


S 
- 
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eri dee 


where they all unite; as the Rays of the 
Sun collected by a Glaſs, as CDF. Di- 
gy verging 
dr 
—4— 7 


== =—f; ſo that parallel Rays, or the 


Radii equal, viz. r= xr, the Theorem then is 


*Sun-Beams, are ſo refracted through a double and equally 


concave Lens, as if they proegeded from a Point f at the 
Diſtance of the Radius of Concavity from the Vertex of 
the Lens. | | | 

33. If one of the Radii, as r, be affirmative, and 
the other r negative, the Lens becomes a Meniſcus, 
and the Theorem then is har” "fb E 

| dr —ar r—Tr 

which ſhews that when 1 = r, and 4 is infinite, the 
Focus f is at an infinite Diſtance, or the Rays are pa- 


—= = 


rallel after Refraction as before, as in the Caſe of a 


Watch Glaſs, If r be greater than r, or the Conca- 
vity leſs than the Convexity, the Focus f will be affir- 


- mative, or parallel Rays will be converged to a real 


Focus; but if r be leis than r, the Focus f will be 
negative, or parallel Rays will proceed diverging after 


Refraction. 


44. We now proceed to determine the Poſition, Mag- 
nitude, Form, Cc. of the Images of Objects formed 
by Mirrours and Lenſes, having firſt premiſed, that the 
Image of an Object always appears in the Place from 
whence the Rays diverge after Reflection or Refraction; 


or in other Words, the Image appears in that Place, 
which we have hitherto called the Focus of the Rays. 


This Sir 1faac Newton has delivered as an Axiom, as 


being very evident, becauſe the Species, or ſeveral Points 


of the Image of an Object, are brought to the Eye by the 
reflected or refracted Ey roa ien 


35, Let AV G be a reflected Speculum, C its Cen- 
tre, VB its Axis, F the folar Focug; and let O B be 


an Obes at the Diſtance V B ; through the Center C 

draw O A, which as it is perpendicular to the Specu- 
* lum 

K. 


* ” 
J 


| O res 5 
verging Rays are thoſe which proceed from 


a Point, as F, and in their Progreſs re- 


= 

os 3 , 

cede ©, ® 
7 * 


tum will be reflected back upon itſelf; and therefore the 
proper Focus of the Point O will be in the Line A O, 
and that of the Point B in the Line or Axis B V. 
Thoſe focal Points are eaſily found, thus: Draw O V 
and VD making equal Angles with the Axis VB; 
alſo draw B A, and A E making equal Angles with 
the Axis O A; then ſhall thoſe two refracted Rays 

VD and A E interſe& the Perpendiculars O A and B * 0 
in the Points M and I, which will therefore be the fo- 
cal Points where the Repreſentation of the extreme 
Points O and B will be made; and conſequently all the 
Points between O and B will be repreſented between M 
and I, and therefore the Line I M will be the. true Re- 
preſentation. or Image of the Object O B. 


36. Hence alſo 'tis eaſy to obſerve, that the Poſition plate 
of the Object OB is inverted in the Image I M, and x71 11m, 
conſequently the” ſame Parts of the Object and Image Fig. LI. 


are on contrary Sides of the Axis in a concave Mirrour, 
where the Rays have a real Focus, or form a real 


Image: But in a convex Mirrour, where the Rays have Fig. 12. 


no real but an imaginary Focus, or form not a real but 
an apparent Image, no ſuch Inverſion can happen, but 
the Object and Image both appear in an erect Polition, 
as is eaſy to underſtand from the Figure. 

37. Again; the Object and Image are commutable, 
or may be taken the one for the other in the Schemes, 
Thus if O B be the Object, then I M will be its 
Image; but ſuppoſing I M the Object, then will OB 
be its Image. | 

38. Hence alſo it appears, that if I M repreſent an 
ObjeR placed before a convex Mirrour nearer to the Ver- 
tex V than the Solar Focus F, the Rays will be fo re- 
flected as to form an nt Image O B behind the 
Speculum ; and this will be every way the ſame 
with that of the conlfſgx Speculum reverted. 

39 It is farther obvious, that the Object OB and 
Image I M ſubtends equal Angles, both at the Vertex 
V and Center C of the Mirrour, whether concave or 


convex; 


* 


* 


cede from one another towards the Parts 
G E. 5 | 
THE 


<orlvex ; for at the Vertex the Object O B ſubtends the 
Angle OVB = BVD or IVM. which the Image 
ſubtends (by Art. 35.). And at the Center C, the 
Angles O C B and I C M, under which the Object and 

Image appear, are equal, as is evident by Inſpection, 
they being vertical to each Gther. 

40. Therefore the Triangles OVB and IVM, alſo 
the Triangles OCB and IC M, are ſimilar, as having 
all their Angles reſpectively equal; therefore we have 
OB: IM:: VB: VI; al OB: IM:: BC: 1C. 
That is, the Lengths of the Object and Image are pro- 
portional to the Diſtances from the Vertex or Center of 
the Speculum. — 

41. Hence in Symbols (putting O = ObjeR, 
and I = Image) we have O: I:: 4: f; whence 


DFT Eft E=; therefore O I: in. 


Wherefore, by having given the Radius of the Specu- 
Jum, you may place the Object at ſuch a Diſtance, 
that it ſnall bear any given 2 7 to its Image, 
as that of m to n; for then, ſince : n:: 2d - r: 7, 


we have r =2 dn , and mr +r n=2dn; con- 
ſequently, d = r x ——_ 


* for a concave Speculum, and 


| . 
4 r X I for a convex one. | l 


3 
42. From hence it is manifeſt, no Object can be 
magnified by a convex Speculum ; for, becauſe in that 
m=— 1 
Caſe is greater than mn, . * would be a nega- 
tive Quantity, and ſo 4 would have a negative Value, 
which is impoſſible. And when m = n, then d = 0; 
or the Object and Image are then only equal, when they 
coincide at the Vertex of the conca@ Mirrou. 
43- In a concave Mirrour, while * greater than n, 


= 
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Taz Point F, where the Rays are col- 87 


le&ed, is call'd the Focus, or Burning-Point, 


it is plain the Diſtance d of the Object is greater than 
the Radius r of the Mirrour. But when m = », then 
Jer; or the Object and Image are equal in the Cen- 
ter of the Mirrour. When mis leſs than , or the Ob- 


ject is magnified, then @ is leſs than r. Now this may 


be done two different W 


s in a concave Specuium ; 
for n may be affirmative, | 


the Image real and form'd. 
before the Glaſs, then d = Y _ S 


negative, or the Image only apparent and repreſented 
— 


; or n may be 


— | 


behind the Mirroùr, then d = Y Xx < —; in which 


Caſe, *tis plain, the Object cannot be diminiſn'd. But 
laſtly, if n be infinite in reſpect of n, then r= = 2/4 n, 


or r = 24, that is, 4=$4r. Or when the Object is 


laced in the Solar Focus, the Image is form'd at an in- 
nite Diſtance, and infinitely large. | 

44. Such are the Theorems for Specula ; thoſe for 
Lenſes are raiſed after a like Manner. For let GVA 
be a double and ＋ convex Lens; C its Center, 
or CV the Radius of Convexity r; OB an Odjecꝭ, 
EV its Diſtance 2 the Axis of the Lens) = 4, IM 
the Image, and FV = , the focal Diſtance at which 
it is formed. Then as the Point E in the Object is 
form'd in the Point F in the Axis of the direct double 
Pencil of Rays E G FA, fo the Point O will be form'd 
at M in the Axis of the Pencil OGMA; and ſince 
theſe two Axes croſs each other in the Middle of the 
Lens at V, therefore the Points O and M, and (for 
the ſame Reaſon) B and I, will be on contrary Sides of the 


Axis E F, and conſequently the Image in reſpect of the 
Object is inverted. IE 

45. Becauſe the Angles OVB and IVM are equal, 
as being vertical, * and Image have the ſame 
apparent Magnitu@ if view'd from the Vertex of the 
Lens V; and are in Proportion to each other as their 
Diſtances from the Lens, that is, OB: IM:: VE: VF. 


*&. * 46. Hence, 


Plate 
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Fig. 13. 


and if u be infinite in reſpect 
negative, or on the ſame Side of the Lens with the 


* Ones 


becauſe there the Sun's Rays, being united 
within a very ſmall Compaſs or Circle, are 


_ great- 


46. Hence, if (as before) we make OB; IM: n: 
| nad dr 
E d: f, we have = = 1 =_—— whence m: n:: 


Ar ir; and fo mr =da—rn, or mr +rn=dn; 


wherefored = . If m = n, hen 27 i, 


| * , r d. Andifn be 


Object, then d=r — which ſhews the Object 


in that Cafe is always magnified, | 
47. If the Lens be a ſingle or double concave, the 
Rays cannot be converged to a Focus, (as is manifeſt 


from Art. 32.) and conſequently no real Image can be 


form'd, but only an imaginary one; and becauſe it is 
in this Caſe d = 7 . , "tis plain when m = 2 


then r * = + that is, the Image can only be 


equal to the Object when they coingide at the Lens. 
48. The Form of the Image TFM is not a right or 
ſtrait Line, but a Curve; for let VE = d, VF =f, 


ad VO SA VM=f; thew fince e, = f; and 


dr FAY dr key 7 | 

S = Le Ive Ff : (23.5 butif IFM 
wie a Line, it would be : f:: 4: d. Nei- 
tber is the Image of a cireular Form, unleſs the Ob- 


jet be ſo; becauſe in that Caſe f=f, which. cannot 


be but when d = d, or VE = VO; & that if the 


Object be the Arch of a Cirdle, the Image will be the 


Arch of a Circle concentric with the Object, or elſe of 
a Conic Section, as before obſerved of Images form'd by 
Mirrours, Art. 36. 

49. If the Object be a Surface, the Image will be a 


Surface ſinular thereto ; and fince Surfaces are in du- 
| plicate 


/ 


„ | 
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greatly conſtipated and condenſed, by 
which means their Action or Heat is pro- 
portionably 


4 


plicate Proportion of their like Sides (Aunot. II. Art. 3.) 
therefore m: n:: O B*: IM, in this Caſe. And if the 
Object be a Solid, the Image will be a ſimilar Solid, and 
they will be in the triplicate Proportion of their homolo- 
gous Sides; whence m: n:: OB3:IM>, 

50. Though Specuiums and Lenſes are of moſt gene- 
ral Uſe in Optics, yet it will be nece to conſider the 
Property of a Globe or Sphere, as alſo of an Hemi- Plate 
ſphere, with reſpect to their Power of converging the XIII 
Rays of Light to a Focus. If therefore in the Theo- pig. 14 
rem of Art. 27. we put g 27 = Diameter of the OI 


Globe, and becauſe r = #, we ſhall have 272 — 


= f, the Focus of diverging Rays; and when d is in- 
finite, the Theorem is 2 = - =f=Vf. There- 
fore a Globe of Glaſs will converge the Rays of the Sun 
to a Focus at the Diſtance of half the Radius. 

51. But in caſe the Globe be Water, then in the 
aforeſaid Theorem wen have m = 4, n = 3, and the 
reſt as before; then by ReduQ.on it will become 
dr —2rr 


—— V for diverging Rays; au for paral- 
0 | 


lel Rays, where d is infinite, we have 7 =r = f,juſt 
1 


52. In an Hemiſphere of Glaſs, when the convex. 


3 
the focal Diſtance of diverging Rays 3 but for parallel 
Rays it becomes r 8 
53. If the Mane U. of the Hemiſphere be turned 
towards the Radiant, the Theorem for diverging Rays 
Vol. III. C will 


* 
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portionably increaſed, and therefore Objects | 
pofited in that Point will 3 heated, 
n or melted. 


Or 
6dr +4rr 6dr 
will be = ——_ parallel — 2 
| 34 — 41 175 2 34 


6 
* =2r=f; which is = - greater than before. 


355 In an Hemiſphere of Water, the convex Part 
being towards the Radiant, we have . „ 


nd for Nhe Rays it is 27 = 2 1 =/ But if the 


Radiant Aer mage the plane Side, then 37 = f, 
on * à 7 than before. 
e have hitherto conſidered the Property of 
Pal Bodies only, with reſpect to their Power of re- 
fracting a Ray of Light; let us now conſider the Nature 
ef Refraction in Bodies whoſe Figures are derived from 
the Curves of the Comic Sections. In order to this, let 
DB K C be an Ellipſts, D K its trarfverſe Axis, H, I, 
its two Foci, and 4 a of Light parallel to the 
* Axis'be incident on the'Poirn Let BE be a Tangent 
in the ſaid Point, and L G drawn my ndicular to the 
Tangent through the Point B; Bn d I B; make 
AB =I B, and from the Points / A and I let fall the Per- 
pendicutars AL, IG, on the Line LG; produce IB 
to O, and draw H O parallel to LG. 
5b. Then in the fimilar Right-angled r Þ 
87, IN G, we have AL: 1G :: AB: N :IB: 
NI, ns ABST. But 1B : 10 ta, be- 
_. cauſe-of the fimilar Trager BNA and OH in, 
the Angle HBG =GBI the Nature of the Curve; 
whence GBI = HOB (= HBG) = BHO; 
therefore the Triangle H BO is Ifolceles, or BH = 
BO. But IB + \ DK, per Conics ; et 1" 


Orrices. ; | 


or GLAS8Es there are two Kinds, vis. 
Mirroyrs, and Lenſes, A Mirrour or Specu- 
lum is that, which from one poliſhed Sur- 


face reflects the Rays of Light; and theſe - 


are either Convex, Concave, or Plane, as will 
be ſhewn. A Lens is any tranſparent or 
diaphanous Body, as Glaſs, Cryſtal, Water, 


&c. through which the Rays of Light do 


freely paſs, and is of a proper Form to col- 
lect or diſperſe them. Of theſe there are 
ſeveral Species, as a Plaxe Lens, a Plano-Con- 
ver, Plano-Concave, Double-Convex, Double- 
moans, and Menifcus. 


— + BOSO . DK. Conſequeatly, AL: 18 
IB: NI: 1 1H) :: DK: IH. 

a 57. Since L 

Curve in the Point B. t tis evident that AL is the Sine 
of Incidence, and I G the Sine of Refraction to the 
Radius AB BI. If therefore . a Solid be generated 
by the Revolution of an Ellipſis about its Axis, which 
Eipſis has its tranſyerſe Axis PD K d. Diſtance be- 
tween the Foci in che Ratio of the Sine P ncidenge to 
that of Refraction; then parallel Ra falling on 


ys A 
every Point B of its Hurface, will de refracted 0 the 
remote Focus I. 


58. After che ſame Manger we proceed far the 


. 
perbolic Congid; but as Lenſes . theſe Forms are 


extremely difficult to wotk, and are likely never tp be gf 
Uſe (ſince the great it Defe& of. theſe. Glaſſes. is owing tp 
quite a different Cauſe, as we ſhall ſhew in the next Au- 


*. 4 thall Gay no more of them here, but reſer the 


oquiſitive r. to the Niegiries of M. * 
s who treats largely. of this Subject. Ara 


C 2 I 6yABL 


perpendicular to the Tangent or 


10 


Plate 
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I SHALL now conſider the different Pto- 
perties and Effects of theſe Glaſſes in reflect- 
ing and refracting the Sun's Light, and form- 
ing the Images of Objects: And this all de- 
pends (in Reflection of Light) on that funda- 
mental Law, That the Angle of Incidence is 
equal to the Angle of Refledion. 

LET EH be a concave Mirrour, V its 


XI. VIII. Yertex, and C the Centre of its Concavity. 


Fig. 5 


Fig. 6 


Let A be a Ray of the Sun's Light inci- 


dent on the Point E, and draw E C, which 
will be perpendicular to the Mirrour in the 


Point E; make the Angle CEF equal to the 


Angle AEC, then ſhall EF be the reflected 
Ray. Thus alſo HF will be the reflected 


Ray of the incident one DH, at an equal 


Diſtance on the other Side of the Axis 
BV. 

Ir now the Points E and H be taken very 
near the Vertex V, we ſhall have EF, or 
HF, very nearly equal to FV; but E F = 
F. C; therefore FV =FC =4CV. Thar 
is, the Focal Diſtance FV of parallel 
Rays will be at the Diſtance of half the Ra- 
dius CV of the Concavity of the Mirrour, 


from the Vertex V, in the Axis BV. 


AvTER the ſame Manner, a convex Mir- 


* rour 1s ſhewn to reflect the Rays AE, DH, 


into EF, HF, as if they came diverging 
3 from 
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from a Point F in the Axis C V, which is 
half the Radius CV diſtant from the Ver- 


tex V. But ſince the Rays do not actually 


come at, or from the Focus /, it is called 


the Imaginary or Virtual Focus. 

PARALLEL Rays falling directly on a 
plane Speculum are reflected back upon them- 
ſelves ; if they fall obliquely, they are re- 
flected in the ſame Angle, and parallel as 
they fell. Hence there is no ſuch Thing, 
properly ſpeaking, as a F:cus belonging 


to a plane Speculum, neither real nor vir- 


tual. 
Tu Focus F, or /, of parallel Rays; 1 is 


called the Solar Focus ; becauſe in that the 


Image of the San is formed, and of all Ob- 
jets very remote. But the Focus of any 
Object ſituated near the Mirrour will have 
its Diſtance from the Vertex more or leſs 
than half the Radius; the Rule in all Caſes 
being as follows: 

Multiply the Diſtance of the Objekt into the 
Radius of. the Mirrour, and divide that Pro- 
duct by the Sum of the Radius and twice the 
Diftance of the Object; the Quotient will be 
the Focal Diſtance of a Convex Mirraur. 

AGAIN ; for a Concave Mirrour, the ſame 


Product of the Radius into the Diſtance of the 


Objet, divided by the Difference of Radius 


C 3 and 
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and twice the Diſtance of the Objedt, wilt 
give the Focal Diſtance V F of V And 
bete we are to obſerve, that as twice the 
Diſtance of the Object is leſſer or greater 
than the Radius, fo the Focus will be poſ- 
. 'twe or negative, that is, betting the Glaſs or 
before it. 

Tux Image of every ObjeR is formed in 
the Focus ptoper to ns Diftance : And finee 
the Writers on Optics demonftrate, that rhe 

_ VE Hngles unier which the Object OB and j's 
Fig. 7. lage I'M are ſeen from the Centre or Ver. 
ler of the Mirrour C are always equal ; it 
follows; that the Image I M will be always 
in Proportion to the Obje& OB, as the 
Focal Piſtance VF to the Object's Diſtance 
GV. 
Tu Poſition of the Object will be always 
erect at a poſitive Fatus, or behind the Spe- 
culum; diminiſhed by a cofivex, and magni- 
fied by a concave one. Hence, ſince a con- 
vex has but one, viz; an affirmative Focus; 
. ſo it can never magnify any Object, how- 
* ever poſited before it. 
3 Tux Poſition of the Image in a negative 
Focus, or that befote the Glaſs, will be 
evet ittverted ; ind if nearer the Vettex 
than the Cefitre C, it will be lefs ; if far. 
ther from it, it . will be greater th the 
| Object; 


Orries. 


Obje& ; but in the Centre it will be equal 
to the Object, and ſeem to touch it. 


Tux Image formed by a Plaue Speculum is 


erect; large as the Life; at the fame appa- 
rent Diſtance behind the Glaſs, as the Ob- 
ject is before it; and on the fame Side of the 
Glaſs with the Object. Thefe Properties 
render this Sort of Mirrour of moſt co o⁰ 
Uſe, vix. as a LOQKING-GLASS, 
Is the Rays fall directly, or nearly ſo, 
on a plane Mirrour, and the Object be 
opake, there will be but aue fixgle Image 


formed, or at leaſt be viſible ; and that by 


the ſecond Surface of the Speculum,- and not 
by the firſt, through which the Rays do 
moſt of them paſs. 

ur if the Object be luminous, and the 
Rays fall very obliquely on the Specuhum, 
there will be more than one Image form'd, 
to an Eye placed in a proper Poſition to 
view them. The firſt Image being form'd 
by the firſt Surface will not be fo bright 


as the ſecond, which is formed by the ſe» 


cond Surface, The third, fourth, Go. 
Images are produced by ſeveral Reflections 


of the Rays between the two Surfaces of 


the Heculum; and fince fome Light is loſt 
by each Reflection, the Images from the 
ſecond will appear ſtill more faint and ob- 


C4 ſcure, 
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6 to the eighth, ninth, or tenth, Which 
can ſcarcely be diſcerned at all. 


Wx proceed now to Lenſes, And here, 
fince al Viſion by them is effected by the 
Refraction of Rays through their Subſtance, 
it will be too intricate an Affair to ſhew the 
particular Manner how Rays are collected 
by them to their ſeveral Focus's : It muſt 
ſuffice only to ſay, That parallel Rays are re- 
frafled through a Plano-convex Lens to 4 Point 
or Focus, oath; is the Diameter of the Sphere 
of its Convexity diftant from it: 

* THAT the ſame Rays are collected by a 
double and equally convex Lens in a Point 
which is the Centre of the Sphere of its Con- 
vexty : : 

THAT parallel Rays are refratted through 

a flano-concave Lens in ſuch manner as ibo! 
2 came from a Point a:frant from it by the 
Diameter of its Concavity : 


AnD that the ſame Rays are reſracted 
through a double and equally concave Lens, in 


Juch manner as though they proceeded from a 
Point which is the Centre of the Concavity. 
AND in caſe of a double and equally con- 
vex Lens, we have this general Rule for 
finding the Focus of Rays univerſally, be the 
Diſtance of the Object and Radius of Con- 
yexity what it will, vx. 
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Multiply the Diſtance of the Object by the 
Radius of Convexity, and divide that Product 
by the Difference of the ſaid Diſtance and Ra- 
dius ; the Quotient will be the Diſtance of the 
Focus required. | 

Hence, if the Diſtance of the Obje& 
be greater than the Radius, the Focus will 
be affirmative, or behind the Lens; the 
Image will be inverted, and diminiſhed 


in Proportion of its Diſtance to the Diſ- 


tance of the Objedt. 4 

AGAIN; if the Diſtance of the Object 
be leſs than the Radius, the Focus will be 
negative, or on the ſame Side of the Lens 


as the Object; and the Image will be mag- 


nified, and in an erect Poſition. 
Ir the Diſtance be equal to the Radius, 


the Focus will be at an infinite Diſtance; 


that is, the Rays, after Refraction, will 
proceed parallel, and will therefore enlighten 
Bodies at a vaſt Diſtance. Hence the Con- 
ee of the Dark Lanthorn for this Pur- 
ole, 
F LasTLy : If the Diſtance of the Object 
be equal to twice the Radius, then will the 
Diſtance of the Focus and Image be equal 
to the Diſtance of the Object; and conſe- 
quently the Image will be equal in Mag- 
nitude to the Object, but inverted. Hence 
the Uſe of theſe Lenſes to Painters, and 
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markable, viz. (1.) The Aqueous or Wairy 


Opriles. 


Draught-Men in general, who have often 
Occaſion for the Images of Objects as 
large as the Life, to delineate or draw 

As to Plano-Concaves, they, having no 
real Focus, form no Images of Objects; 


ſo that we ſhall pafs them to proceed to the 


Structure of the Eye, the Manner of per- 
forming Viſion therein, the feveral Defects 
thereof, and how remedied by Glafles ; 


which will be illuſtrated by the Diſſection 


of a natural Eye, and exemplitied by an 
artificial one. | 

Tur Eye is the nob/e Organ of Sigbt or 
Viſan: It confiſts of various Coats and 
Humours, of which there are . Three re- 


Hamour, which lies immediately under the 
Cornea, and makes the Eye globular before. 
(2). The Vitreous Humour, which is by 
much the greateſt Quantity, filling the 
Cavity of the Eye, and giving it the Form 
of a Globe or Sphere. (3) The Cry/alline 
Humour, fituated between the other two, 
near the Fore-part of the Eye, and 1s the 
immediate Inftrument of Sight; for being 


of a lenticular Form, it converges the Rays, 


which pafs through the Pupil, to a Focus 


on the Bottom of the-Eye, where the Images 
of 


OrT1cs. 


of external Objects are by that means form'd 
and repreſented. (CXX VI.) | 
| Over 


(CXXVI.) 1. In order to exhibit a juſt Idea of the 
true Theory of Viſion, I ſhall here give a more exact and 
particular Deſcription of the Exz and of its ſeveral Parts, 
with an Account or Calculation of the various Refrac- 
tions of the Rays of Light through the ſeveral Humours, 
for forming the Images of Objects on the Retina at che 
Bottom of the Eye. | - 

2. To this End I have here repreſented a Se gion of 
the Human Eye in its true or natural Magnitude, which 
conſiſts of two Segments of two different Spheres, viz. 


27 


one larger, as BN B, and a lefler, BIB. The larger Plate 
Segment conſiſts of three Tunics or Coats, of which the XLV. 
outmoſt is of a hard, thick, white, opake Subſtance, Fig. 17. 


called the Scleratica, as BN B. Within this is another 
thin, ſoft, and blackiſh Tunic, called the Choroides ; 
which ſerves as it were for a Lining to the other, or ra- 
ther as a delicate Stratum for the third Tunic called 
the Retina, which is a curious fine Expanſion of the 
Optic Nerve VZ over all the larger Segment of the Eye, 
every Way to B B. 

3. The leſſer Segment conſiſts of one Coat or Tunic, 
called the Cornea, as reſembling a Piece of tranſparent 
Horn; this is more convex than the other, and is denoted 
by BIB. Within this Coat, at a ſmall Diſtance, is placed 
a circular Diaphragm, as B e, B a, called the Uvea, or Iris 
becauſe of the difterent Colours it has in different Eyes. 
In this is a round Hole in the Middle called the Pupil, as 
0 0, which in ſome Creatures is of a different Figure, viz. 
oblong, as in Cows, Cats, Cc. | 

4. As the Cornea, by its Tranſparency, admits the 
Light to enter the Eye, fo the Pupil is deſtined to re- 
gulate the Quantity of the Rays that ought to enter 
the interior Part of the Eye for rendering V ifion diſtin, 
and the Images of Objects properly illumined. Ts this 
Purpoſe it is We of two Sets of muſcular Fibres, 
viz. one of a circular Form, which, by corrugating, 
contract or diminiſh the Pupil ; and the other is an An- 

| * *, 
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4 Ovxx all the Bottom of the Eye is ſpread 
a very fine and curious Membrane call'd 
the 


nulus of radial Fibres, tending every where from the 
Circumference B B of the Uvea to the Centre of the 
Pupil, which, by contracting, dilate and enlarge the Pupil 
of the Eye. 

5. Immediately within the Uvea is another Annulus 
of radial Fibres, which on the extreme Part is every 
where connected with the Cornea, where it joins the 
Sclerotica at B B; and on the other Circumference it is 
connected with the anterior Part of the Capſula including 
the Cryſtalline Humour; and is called the Ligamentum 
Ciliare, and ſometimes the Proceſſus Ciltares, and is de- 

noted by Ba, Bo. 

6. The Bulk or Body of the Eye is made up of three 
Subſtances, commonly called Fumours, viz. the Aqueous, 
the Cry/talline, and the Vitrecus. The Aqueous Humour 
1s properly fo called, being every way like Water, in 
reſpect of its Conſiſtence, 8 ſpecific Gravity, 
and refractive Power. It is contained between the Cornea 
and the Ligamentum Ciliare, as BIB aa B. This Hu- 
mour gives the protuberant Figure to the Cornea, which 
makes the firſt Refraction of the Rays of Light. : 

7. The ſecond Humour (improperly fo call'd) is the 
Cry/talline, having its Name from reſembling Cryſtal in 
Clearneſs and 'I ranſparency. It is denoted by G KH L, 
and is in Form of a thick Lens unequally convex, whole 
anterior Surface G K H is the Segment ot a larger Sphere, 
and its poſterior Surface & L H the Segment of a leſſer. 
This Humour is of a ſolid Conſiſtence, and very little 
exceeds the ſpecific Grayity of Water, viz, in the Pro- 
portion of 11 to 10, nearly, as I have often found by 
Experiment. It E within a moſt delicate 
Tunic or Capſula, d Arachnoides, every where pel- 


lucid as the Cryſtalline itſelf. 

8, The third Humour js the Vitreous (being clear as 

Glaſs) and is largeſt of all in Quantity, filling the whole 

Orb cf the Eye B MB, and giving it a globular Shape. 
| = "UA 


Op TIæõS. 


the Retina, which is an Expanſion of the 
Optic Nerve; upon which the Images of 
De Objects 


This Humour is exactly like the White of an Egg, and 
but a little exceeds the ſpecific Gravity and refractive 
Power of Water. 

9. We proceed now to give the Dimenſions of the 
Eye and its ſeveral Parts (in order for Calculation) as 
they have been determined by actual Meaſurement in a 
great Number of human Eyes with the greateſt Care 
and Exactneſs. Theſe Meaſures are expreſs d in Tenths 


of an Inch, as follows. 
Tenths. 


The Diameter of the Eye from Out- 
ſide to Qutſide, taken at a Mean IN= 9,4 
from ſix adult Eyes, — — 
The Radius of Convexity of the Cornea, BIB = 3,3294 
The Radius of Convexity of the an- 
terior Surface of the Cryſtalline, f G K H = 3, 308 
from twenty-ſix Eyes, — — 
The Radius of Convexity of the hin- 
der Surface, from the ſame Eyes, 10 LH = 2, 5056 
The Thicknes of the Cryſtal 
e 1 hickneſs of the Cr 
* the ſame Eyes, Wn POS K L = 1,8525 
he Thickneſs of the Cornea and 2 
Aqueous Humour together, — 1K = 1,0358 
10. Moreover, it is found by Experiment, that the 
Ratio of Reftaction at the Cornea I is as 4 to 3, being 
the ſame with that of Air into Water ; the Ratio of Re- 
fraction at K as 13 to 12, and at L as 12 to 13. 
Theſe A ng premiſed, let A X be the Axis of the 
Eye, and E D a Ray parallel thereto, and incident on 
the Cornea very near it at D; we are to determine the 
Foci of the ſeveral Refractions of this Ray at the ſeveral 
Surfaces I, K, and L. 
11. The firſt Focus is determined by the Theorem 


(in Aunot. CXXV. Art. 27.) | — 4 0 ; for ſup- 
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P Ovxx all the Bottom of the Eye is ſpread 
a very fine and curious Membrane call'd 
| the 


nulus of radial Fibres, tending every where from the 
Circumference B B of the Uvea to the Centre of the 
Pupil, which, by contracting, dilate and enlarge the Pupil 
of the Eye. 

5. Immediately within the Uvea is another Annulus 
of radial Fibres, which on the extreme Part is every 
where connected with the Cornea, where it joins the 

HS clerotica at BB; and on the other Circumference it is 
connected with the anterior Part of the Capſula including 
the Cryſtalline Humour ; and is called the Ligamentum 
Gilare, and ſometimes the Proceſſus Ciliares, and is de- 
noted by Ba, B a. | 

6. The Bulk or Body of the Eye is made up of three 
Subſtances, commonly called Fumours, viz. the Aqueous, 
the Cry/talline, and the Vitreous. The Aqueous Humour 
1s properly fo called, being every way like Water, in | 
reſpect of its Conſiſtence, D ſpecific Gravity, 6 
and refractive Power. It is contained between the Cornea 
and the Ligamentum Ciliare, as BIB aa B. This Hu- * 
mour gives the protuberant Figure to the Cornea, which + 
makes the firſt Refraction of the Rays of Light. 1 


1 

7. I he ſecond Humour (improperly ſo call'd) is the 7 
Cry/talline, having its Name from reſembling Cryſtal in 7 
Clearneſs and 'T ranſparency. It is denoted by G KH L, 2 
and is in Form of a thick Lens unequally convex, whole 9 x 
anterior Surface G K His the Segment ot a larger Sphere, Ct. 
and its poſterior Surface G L H the Segment of a leſſer, * 
This Humour is of a ſolid Conſiſtence, and very little * 
exceeds the ſpecific Grayity of Water, viz, in the Pro- "= 
portion of 11 to 10 nearly, as I have often found by " 
Experiment. It is,,Contained within a moſt delicate £538 
Tunic or Capſula, Arachnoides, every where pel- "48 


lucid as the Cryſtalline itſelf, 
8. The third Humour js the Vitreous (being clear as 
Glaſs) and is largeſt of all in Quantity, filling the whole 
Orb cf the Eye B MB, and giving it a globular Shape. 
| This 
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Optic Nerve; upon which the Images of 
Objects 


This Humour is exactly like the White of an Egg, and 
but a little exceeds the ſpecific Gravity and refractive 
Power of Water. 
9. We proceed now to give the Dimenſions of the 
Eye and its ſeveral Parts (in order for Calculation) as 
they have been determined by actual Meaſurement in a 
great Number of human Eyes with the greateſt Care 
and Exactneſs. Theſe Meaſures are expreſs d in Tenths 
of an Inch, as follows. 

Tenths. 


The Diameter of the Eye from Out- 

ſide to Outſide, taken at a Mean IN= 9,4 
from fix adult Eyes, — — 
The Radius of Convexity of the Cornea, BI B = 3,3294 
The Radius of Convexity of the an- 

terior Surface of the Cryſtalline, 10 K H = 3, 3082 
from twenty-ſix Eyes, — — J 
The Radius of Convexity of the hin- 

der Surface, from the ſame Eyes, fc LH = 2,5056 
The Thicknefs of the Cryſtal 
Ihe I hickneſs of the Cr ine, 2 
from the ſame Eyes, IT — 8 KL. 1551s 
The Thickneſs of the Cornea and 7 8 
Aqueous Humour together, — = 1,035 
10. Moreover, it is found by Experiment, that the 
Ratio of Refraction at the Cornea I is as 4 to 3, being 
the ſame with that of Air into Water ; the Ratio of Re- 
fraction at K as 13 to 12, and at L as 12 to 13. 
Theſe bbc, premiſed, let A X be the Axis of the 
Eye, and E D a Ray parallel thereto, and incident on 
the Cornea very near it at D; we re to determine the 
Foci of the ſeveral Refractions of this Ray at the ſeveral 
Surfaces I, K, and L. 
11. The firſt Focus is determined by the Theorem 


(in Ainot. CXXV. Art. 25.) ...; ſor ſup- 
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the Retina, which is an Expanſion of the 
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| ee being painted and impreſs'd, theß 
are by tha t Means convey d to the Comman 


| a Senjory 

KM — all behind the Cornea BIB were the 2queous 

13 umaur continued, then ſince in this Cale m = 4, n = 

| + re $3294: and d is infinite, we have f = 47 = 
13,3176 the focal Diſtance from 1 by the ict 
Refraction. 


12. The Ray tending by this means from D to Q 
falls converging on the anterior Surface of the C 
line Humour at 8. We muſt now find the Focus of 
* the converging Ray D S refracted through a Mes ium 
| every where the fame with the Cryſtalline Humour, 
This we do by the ſame Theorem; for at K we have 
mM: a= 12, _ „and IQ - IK = 
12,2818 = = KQ=4, a ance of the Radiant 
from the Point K; but d is in this Caſe negative, or — 


—mar 
| 6, and che Theorem is ——————— —f= 20,06 


| K P, the new focal Diftance from K, by the ſecond 
| RefraQion. 1 
13. The Ray converging from S to P is intercepted 
by the hinder Surface of the Cryſtalline at T, and meet- 
| ing there with a Medium of different Denſi „and a 
E Concave N is again refracted by it; and here we 
have m : : 13, (by Art. 10.) alſo the Radius » 
is negative, as 3 as 4; and here it is — 1 = 2,5050, 
nd d KP KLS LP 8,31; therefore the 


| md v 1247 
| Ser CY" nd+nr© Ts FL 
= 6,112, the laſt focal Diſtance required. 
14. The Point M therefore is that in which parallel 
. Rays E D are collected within the Eye, and where the 
| —_ of remote Objects are formed. The Diftance 
of this Point from the ; wry SIM=IKE+KL + 
| L M = 4,036 + 1,852 +.6,112 = 9. Then IN — 
IM =9,4 —y9 = 04 = NM. Now the Thickneſs 
of the Scleratica is by the Micrometer found to be ver 
nearly 0,25 ; then 0,4 — 0,25 = 0, 15; which is muc 
* about 
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Senſory in the Brain, where the Mind views 
and contemplates their Ideas ; but this in 
; a Manner 


. bout equal 40 the Thickneſs of the Choroides and Retina 
egether. Hence we fee the Forms and refractiue Power 
YH 7 thoſe ſeveral Humaurs are ſuch as nicely converge paral- 


= Rays to a Focus upon the Retina in the Batlam of the 
eye. | 
4 25 5. From hence it follows, that ſince parallel Rays 
enly have their Focus upon the Retina, they alone can 
paint an Image there diſtinctly, or produce a diſtinct 
vin of an Object. If therefore the Object be ſo near, 
at the Rays from any particular Point come diverging 
to the Pupil, they will neceſſarily require a greater focal 
Diſtance than I M, and therefore, as the Rays are not 
united upon the Retina, that Point cannot be there 
= diſtinctly repreſented, but will appear confuſed. : 
= i6. Thus if AB, AB, are two parallel Rays falling plate 
upon the Pupil of the Eye, then any other two Rays, as XLIV. 
CB, CB, though really diverging, yet as the Point C, 
whence they proceed, is remote from the Eye, they will 
at the Entrance of the Eye be ſo nearly coincident with 
the parallel Rays, as to have nearly the ſame focal Point 
on the Retina; whence the Point C will there be diſ- 
tinctly Tepreſented by c. But if any other Point E be 
viewed very near the Eye, ſo that the Angles E BA 
which they contain with the parallel Rays be very con- 
ſiderable, they will after Refraction tend towards a Point 
in the Axis of the Eye produced, and upon the Retina 
will repreſent only a circular indiſtinct Area like that at 
„ whoſe Breadth is equal to à 6, the Diſtance of the 
Rays upon the Retina. The ſame Point at D will not 
be quite ſo much dilated and indiſtindt; the Rays D E, 
D B, having a leſs Degree of Divergence. 
wo 17. Kis found by Experience, that the neareſt Limit 
ef diſtin&t Viſion is about fix Inches from the Eye; for 
f a Book be held nearer to the Eye than that, the Let- 


Fig. I. 


ers and Lines will immediately become confuſed and 
aciſtind. Now this Cauſe of indiſtintt Viſion may be 
n ſome meaſure remedied by leſſening the Pupils, -which 


Or res. 


a Manfier too myſterious and abſtruſe for 
us to underſtand. 
TE 


we naturally do in looking at near Objects, by contract- 
ing the annular Fibres of the Uvea ; and artificially, by 
looking through a ſmall Hole made with a Pin in a Card, 
&c. for then a ſmall Print may be read much nearer than 
otherwiſe : The Reaſon is plain; for the leſs the Diame- 
ter of the Aperture or Pupil B B, the leſs will the Rays 
diverge in coming from D or E, or the more nearly will 
they coincide with parallel Rays. 


- 18, Beſides the Contraction of the Pupil, Nature has 
furniſhed the Eye with a Faculty of adapting the Con- 
formation of the ſeveral Parts to the reſpective Poſitions 
of Objects as they are nigh or more remote. For this 
Purpole, the Cornea is of an elaſtic yielding Subſtance, 
and the Cryſtalline is incloſed with a little Water in its 
Capſula, that by the Contraction and Relaxation of the 
Ciltary Ligament, the Convexity of both the Surfaces 
of the Capſula may be a little alter d, and perhaps the 
Poſition of the Cryſtalline, by which means the Diſtance 
from the Retina may be fitted and adjuſted to nigh Ob- 
Jects, ſo as to have their Images very diſtinctly formed 
upon the Retina. | 

19. I have mentioned near ObjeQs only, (by which 
I mean ſuch as are near the Limit of diſtinct Viſion, as 
between fix and a hundred Inches Diſtance) becauſc Ob- 
jects more remote require ſcarce any Change of the Con- 
formation of the Eye, the focal Diſtance in them vary- 
ing ſo very little. Thus ſuppoſe all the Refractions of 
the Eye were equivalent to that of a double and equally 
convex Lens, whoſe Radius r = 1 Inch; if then the 
Object were 10 Inches diſtant, or d = 10, we ſhould 


have the focal Diſtance f = 7— = = = „111113 
and if another hy be diſtant 100 Inches, then d = 


100 i 
100, and f = —— = —— , 10101. The Diffe- 
4 — 17 | 

rence between theſe two focal Diſtances is but 0,0101, 
vix. 
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TE Cry/talline Humour is of ſuch a Con- 
vexity, that in a ſound State of the Eye its 
| f Focus 


F . * 2 ae 5 * 4 * -# 


viz. the hundredth Part of an Inch, which the Eye can 
eaſily provide for. If we go beyond this, ſuppoſe to an 
Object 1000 Inches diſtant, we have 7 = — 
O,TOOIOOT, which is only a thouſandth Part of an ; 
Inch leſs than the former, and is therefore inconſider- | 
able. | > 

20. We have ſeen the natural Limit. of diſtint Vi- 
ſion for near Objects; we ſhall now conſider what the 
Limit on the other hand may be for remote Objects; for 
Objects may appear indiſtinct and confuſed by being re- 
moved too far from the Eye, as well as when they are 
too near it. And in this Caſe we find Objects will ap- 
pear diſtinct ſo long as their Parts are ſeparate and diſ- 
tinct in the Image form'd on the Retina. Thoſe Parts 

will be ſeparate jo long as the Axis of the Pencils of 
Rays which paint them are ſo at their Incidence on the 
Retina; that is, ſo long as the Angle they contain is not 
leſs than One- tenth of a Degree; for it is found by Expe- 
rience that Objects and their Parts become indiſtinct 
when the Angle they ſubtend at the Pupil of the Eye is 
leſs than that Quantity. : 

21. Thus ſuppoſe OB be a Circle of an Inch Di- Plate 
ameter, it will appear diſtinct with its central Spot till XLIV. 
you recede to the Diſtance of 6 Feet from it, and then Fig, 2, 

it becomes confuſed; and if it be + of an Inch, it will 
begin to be confuſed at 12 Feet Diſtance, and ſo on; 
in which Caſes the Angle ſubtended at the Eye, viz. 
OAB, is about g of a Degree, or 6 Minutes. And 
thus all Objects, as they are bigger, appear diſtinct at 
a greater Diſtance; a ſmall Print will become confuſed, 
at a leſs Diſtance than a larger; and in a Map of Eng- 
land the Names of Places in ſmall Letters become firſt 
indiſtinct, where thoſe in Capitals are very plain and 
legible ; at a bigger Diſtance theſe become confuſed, 
while the ſeveral Countics appear well defined to a much 

Vor. III. D | greater 
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Fig. 4. 
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Focus falls preciſely on the Relina, and 
there paints the Objects; and therefore Vi- 
ſion 


greater Diſtance. Theſe alſo at laſt become ſo indiſ- 
tinct as not to be known one from another, when at the 
ſame time the whole Iſland preſerves its Form very diſ- 
tinctly to a very great Diſtance; which may be ſo far 
increaſed, that it alſo at laſt will appear but a confuſed 
and unmeaning Spot. 

22. We have ſeen the Cauſes of indiſtint Viſion in 
the Objects, and ſhall now enquire what may produce 
the ſame in the Eye itſelf, And firſt it is to be obſerved, 
that there is a proper Degree of Convexity in the Cornea 
KPL, and Cryſtalline 8S I, for converging parallel Rays 
to a Focus on the Bottom of the Eye in a ſound State; 
hence every diſtant Object OB will have its Image I M 
accurately depicted on the Retina, and by that means 
produce diſtinct Viſton. 

23. But if the Cornea KPL, or Cryſtalline ST, or 
both, ſhon{d chance to be a little more convex than juſt, 
it will cauſe the Pencil of Rays o C which comes to 
the Pupil v 0, from any Point C in the Object O B, to 
unite in a Focus before they arrive at_the a in the 
Bottom of the Eye; the Image IM of the Object OB 
will be formed in the Body of the Vitreous Humour, 
and will therefore be very confuſed and indiſtinct on the 
Retina at i n. A Perſon having ſuch an Eye is called a 
Myops, in Alluſion to the Eye of a Mouſe, by reaſon of 
its great Convexity, 

24. To remedy this Defect of the Eye, a concave 
Lens EF is applied before it; for by this means the 
Rays Ca, C, which fall diverging on the Lens, will, 
after Refraction through it, be made to proceed ſtill more 
drverging, viz. in the Direction ar, br, (inſtead of a 0 
bo, as before) as if they came from the Point C inſtead 
of C. All which is plain from the Nature of a concave 
Lens above deſcribed, 

25. Hence it follows, that ſince the Rays are made to 


fall with greater Divergenco upon the Eye, they will 


require 


9 + 


ſeen by a concave Lens is 


OyrrTics. 


fion is not diſtin, unleſs by Rays which 
are parallel, or nearly ſo; for thoſe only 
will 


require a greater focal Diſtance to be united in the Axis, 


and conſequently the Focus may be made to fall very 
nicely on the Retina, by uſing a Lens E F of a proper 
Degree of N ; and therefore diſtindt Viſion will 
be effected in the ſame Manner as in an Eye of a juſt 


| Conformation, by painting the Image on the Retina. 


26. Since the Point C is ncarer to the Eye than the 
Point C, the apparent Place of Objects ſeen through a 
concave Lens is nearer than the tre Place; or the Ob- 
jet will appear at O B, inſtead of OB. And alſo ſince 


converging Rays O a, Bb, proceed lefs converging after 


Refraction than before, the Object appears under a leſs 
Angle, and therefore the gpparent Magnitude of Cbjefts 


Teſs than the true. 
27. The Object is leſs luminous or bright ſeen thre? 


ach a Lens than without it; becauſe the Rays bei 


rendered more divergent, a leſs Quantity enters the Pupt 
of the Eye than otherwiſe would do. But the Picture 
is always more or leſs bright or enlightened, according 
as it is made by a greater or leſs Quantity of Rays. 

28. Laſtly, it appears from what has been ſaid, that 
when a concave Lens E F cannot be applied, we may 
ſill effect diſtin Viſion. by leſſening the Diſtance be- 
tween the Object and the Eye ; for it is plain, it OB 
be ſituated at O B, the Image at I M will recede to i n 
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Plate 


upon the Retina, and be diſtinct in the ſame Manner as XLIV. 


when made fo by the Lens E F. | 
29. On the other hand, when the Cornea or Cryſtal- 


ine is too flat (as often happens by Age), an Object O B, 
placed at the ſame Diſtance from the Eye P C as before, 


will have the Rays Co, Co, after Refraction in the Eye 
proceed to a Focus beyond the Bottom of the Eye, in 
which if a Hole were made (in an Eye taken out of the 
Head) the Rays would actually go on, and form the 
Image i m; which Image muſt therefore be very con- 


fuſed and indiſtin& on the Retina, 


D 2 30. To 


Fig. 5. 
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o 


fall leſs diverging upon the Eye, or as if they came 


on the Retina at I M, by which diſtin Viſion is pro- 


tion made to unite ſooner than before, and fo to contain 
un Angle. OP B greater th 
-Object appears through a convex Lens brighter than 


TPM ſubtended by the Image is always equal to the 


© Objects at a great Diſtance have their Magnitude dimi- 


2a leſs Image on the Retina, as is ſhewn by the dotted 


OryrrTics: 


will have their Focus at the Bottom of the 
Eye: Now Rays proceeding from any Point 
| more 


30. To remedy this Defect, a convex Lens G H is 
applied, which cauſes the diverging Rays C a, C 6, to 


from a Point more remote, as C; by which means the 
focal Diſtance is ſhortened, and the Image duly formed 


duced. 

31. Hence the apparent Place of the Object is at CG, 
more diſtant than the true Place at C ; and its apparent 
Magnitude O B is greater than the true, becauſe the con- 
verging Rays O a, Bb, are by this Lens after Refrac- 


than the true OPB. The 


without, becauſe by this means a greater Quantity of 
Rays enter the Pupil; for the Rays a, b o, are by 
the Lens made to enter in the Directions ar, h r, whic 
are nearer together, and leave Room for more to enter 
the Pupil all around between e ander. | 
32. As the Image of the Object painted on the Re- 
tina is greater or leſs, ſo will the apparent Magnitude of 
the Object he likewiſe ; or, in other Words, the Angle 


Angle O P B ſubtended by the Object at the Eye, and 
therefore the Image IM will be always proportional to 
the Object OB. Hence it follows, that the Angle OP B 
under which an Object appears is the Meaſure of its ap- 
parent Magnitude, | 

33. Therefore Objects of different Magnitudes, as 
OB, AC, DE, which ſubtend the ſame Angle at the 
Eye, have the ſame apparent Magnitude, or form an 
equal Image in the Bottom of the r. ye. Hence it is that 


niſhed proportionally, Thus the Object D E removed 
to D E appears under a leſs Angle DP E, and makes 


Lines, 
34+ The 
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more than 6 Inches diſtant from the Eye, 
will, when they enter the Pupil, be very 


nearly 


31. The Angles of apparent Magnitude O A B, 
O CB, when very ſmall, are as their Sines, and therefore 
as the Sides OC and OA, or B C and BA; that is, 

the apparent Magnitude of the Object O B, at the Diſ- 
tance B C and BA, is inverſely as thoſe Diſtances ; or 
its Magnitude at C is to that at A as AB to CB. 

35. The more directly any Object is ſituated before 
the Eye, the more diſtinctly it will appear; becauſe thoſe 
Rays only which fall upon the Eye near its Axis can be 
convened to a Point in the Bottom of the Eye on the 
Retina, and therefore that Part of the Image only which 
is formed by the direct Pencil of Rays can be clear and 
diſtinct; and we are ſaid to ſee an Object by ſuch a Pengil 
of Rays, but only to /cot at it by the others which are 
oblique, 5 
36. Suppoſe A, B, C, repreſent three Pieces of Paper Plate 
ſtuck up againſt the Wainſcot of a Room at the Height XLIV. 
of the Eye; if then a Perſon places himſelf ſo before Fig. 8. 
them, and ſhutting his Right Eye views them with his 
Left, it is very remarkable that the Paper B, whoſe 
Pencil of Rays fall upon the Inſertion D of the Optic 
Nerve D E, will immediately vaniſh or diſappear, while 
the two extreme Papers C and A are viſible; and by al- 
tering the Poſition of the Eye, and its Diſtance, any of 
the Papers may be made to vaniſh, by cauſing the Pencil 
of Rays to fall on the Point D. 

37. Why the Rays of Light ſhould not excite the 
Senſation of Viſion in that Point D where the Fibres of 
the Nerves begin to ſeparate and expand every way to 
form the Retina, is not known. But *tis highly worth 
our notice, that the Nerve D E is for that Reaſon 
2 on one Side of the Eye, where only the oblique 

ays come, the Loſs of which is not conſiderable, and 
no way affects or hinders the Perfection of Sight, 
Whereas had it entered in the Middle of the Bottom 
of the Eye, it had render'd uſeleſs all the direct Rays, 


_- by 


Oyrices. 


nearly co- incident with parallel Rays; and 


therefore to a ſound Eye diſtinct Viſion 
| | 3 cannot 


by which the moſt perfect and diſtinct Viſion is effected; 
and we could have had only a confuſed and imperfect 
Perception of Objects by oblique collateral Rays. How 
glaring an Inſtance is this of Contrivance and Deſign in 
the Conftruction of this admirable Organ | 

38. I ſhall conclude this Head with obſerving, that 
the Nature of a Reading-Glaſs is the ſame with that of 
common Spedacles; only in the latter Caſe we uſe a 
Lens to each Eye, but in the former one Lens is made 


large enough for both. Alſo in the Uſe of them we 


have different Ends to anſwer ; for by the Spectacles we 
only propoſe to render Objects diſtinct at a given Diſ- 


25 but the Reading-Glaſs is applied to magnify the 


ject, or to render the reading of a ſmall Print very 
eaſy, which otherwiſe would be apt to ſtrain the Eye too 


much. Therefore the Size of a Lens for Spectacles is 


not required larger than the Eye; but that of a Read- 


- ing-Glaſs ought to be big enough to take in as large a 


Part of the Object, at leaſt, as is equal to the Diſtance 
between both the Eyes. I ſhall treat of the Viſual 
Glaſſes in the Appendix. } 

39. In the Reading-Glaſs E CD the Object or Print 
AB is always nearer to the Glaſs than its Focus F; 
becauſe in this Caſe it is neceſlary the Image or magni» 
fied Print & H ſhould be erect, and on the ſame Side 
of the Glafs with the Object; that is, the Diſtance 


3 r 
d is negative in the Equation — 2 J. Hence the 


Pencil of Rays AED, proceeding from any Point A, 


will after Reiraction through the Lens be divergent, but 
leſs ſo than before, and therefore will ſeem to come from 
a Point G. "Thus alfo the Point B will be referr'd to H, 
and the Print at & H will be magnified in Proportion of 
GCto AC. All which is evident from the latter Part 
of the laſt Annotation. | | 


OryrfIies. 


cannot be effected at leſs than 6 or 8 Inches 
Diſtance, as is evident to any who tries the 
Experiment. 

8 NCE then there is a certain and deter- 
minate Degree of Convexity in the Cornea 
and Cryſtalle ne Humour, for forming the 
Images of Objects on the Retina; if it © hap- 
pens that the Convexity of thoſe Parts 
ſhould be more or leſs than juſt, the Focus 
of Rays will fall ſhort of, or beyond the 
Retina, and in either Caſe will cauſe indiſ- 

tinct Viſion. The firſt is the Caſe of ſhort- 
ſighted or purblind People, the latter of the 
Aged. 

A purblind Perſon, having the convexity 
of the Eye and Cryſtalline Humour too 
great, will have the Rays united in a Point 
before they reach the Bottom of the Eye, 

and conſequently the Images of Objects 
will be formed, not upon the Retina, (as 
they ſhould be) but above it in the Glaſſy 
Humour, and therefore will appear indiſtin& 
or confuſed. 

Tr1s Defect of the Eye is remedied two 
Ways, vix. (1.) By diminiſhing the Diſ- 
tance between the Object and the Eye; for 
by leſſening the Diſtance of the Object, the 
Diſtance of the Focus and Imagę will be 
increaſed, till it falls on the Retina, and 

| .” appears 


wid 
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appears diſtinct. (2) By applying a con- 


cave Glaſs to the Eye; for ſuch a Glaſs 


makes the Rays paſs more diverging to the 
Eye, in which Caſe the Diſtance of the 


Focus will be alſo enlarged, and thrown 


upon the Retina, where diſtin& Viſion will 
enſue. 

Hence the Uſe of Concave Spectacles: 
And the Mops, or purblind Perſon, who 
uſes them, has the three following Peculi- 
arities, v/z. (1.) To him Objedss appear 
nearer than they really are, or do appear 
to a found Eye. (2.) The Objects appear 
leſs bright, or more obſcure to them than 
to other People, becauſe a leſs Quantity of 
Rays of Light enter the Pupil. (3.) Their 
Eyes grow better with Age ; for whereas 


the Fault is too great a Convexity of the 


Eye, the aqueous Humour, and alſo the 
Cry/lallne, waſting with Age will grow 
flatter, and therefore more fit to view diſtant 
Objects. 

Tue other Defect of the Eyes ariſes from 
a quite contrary Cauſe, v/z. the Cornea and 
Cryſtalline Humour being too flat, as is ge- 
nerally the Caſe of an old Eye. This De- 
fect is remedied by Convex Lenſes, ſuch as 
are the common SpeFfacles, and Reading- 


Glaſſes. For ſince the Rays, in theſe Eyes, 
; i 58 
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go beyond the Bottom of the Eye, before 
they come to a Focus, or form the Image; 
a convex Glaſs will make the Rays fall more 
converging to the Pupil, and on the Hu- 
mours, by which means the focal Diſtance 
will be ſhorten'd, and adjuſted to the Retina; 
where diſtin& Viſion of Objects will then be 
effected. i 

By convex Spectacles Objects appear more 
bright, becauſe they collect a greater Quan- 
tity of Rays on the Pupil. And they ap- 
pear at a greater Diſtance than they are; for 
the nearer the Rays approach to parallel ones, 
the more diſtant the Point will be to which 
they tend. 

I nave already obſerved, that if the 
Object be placed nigher to the convex Glaſs 
than its Focus, it will appear erect and mag- 
nified ; which makes them of ſuch general 
Uſe as Reading-Glaſſes. 

Ix an Object be placed in the Focus of 
a convex Lens, the Rays which proceed 
from it, after they have paſs'd through the 
Glaſs, will proceed parallel; and therefore 
an Eye placed any where in the Axis will 
have the moſt diſtin View of the Object 
poſſible; and if it be a Lens of a ſmall 
focal Diſtance, then will the Object appear 


as much larger as it is nearer, than when 


you 
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you view it with the naked Eye. And 
hence their Uſe as Single Microſcopes : To 
give an Inſtance of whigh, ſuppoſe the 
focal Diſtance of a Lens were One-tenth of 
an Inch, then will the Diameter or Length 
of an Obje& appear 60 times larger than to 
the naked Eye at 6 Inches Diſtance : Alſo 
the Superficies of an Object will be 3600 
times larger ; and the whole Magnitude or 
Bulk will be 216000 times larger than to 
the naked Eye it will appear at the above- 
faid Diſtance (CXXVII). 


COMPOUND 


(CXXVII.) 1. I ſhall here give a ſuceinct Account 
of every Sort of Microſcope, with reſpect to their Na- 
ture and Theory. Microscoyes are diſtinguiſhable 
into two Kinds, viz. Dioptric by Refraction, and Ca- 
toptric by Reflection; and each of theſe is either Single, 
as conſiſting of one Glaſs only, or Compounded of two or 
more. 3 
Plate 2. A SinGLE MicgoscopE, of the Dioptric or Re- 
XLV. fracting Sort, is either a Lens or a Spherule. Thus if 
Fig. 1. any Object a b be placed in the Focus c of a ſmall Lens 
AC B, the Rays proceeding from thence will after Re- 
fraction go parallel to the Eye at I, and produce diſtinct 
Viſion; and the Object will be magnified in the Pro- 
portion of {ix Inches to the focal Diſtance Cc, accord - 
ing to the Example above. | | 
3. Again; if an Object @ b be applied to the Focus e 
of a Spherule A B, it will produce diſtinct Viſion there- 
of by means of parallel Rays (by Annotat, CX XVI. Art. 
15.) and it will appear under an Angle equal to DCE, 
and be magnified in Proportion of 6 Inches to the focal 
_ Diſtance G c from the Centre. And here it is remark- 
able, that if the focal Diſtance of the Lens and Sphe- 
rule be the ſame, the Object will be three times 
ä | Iitant 
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Courouxp Microſcopes, eſpecially the 
common Sort, are conſtructed with three 
3 | Glaſſes, 


diſtant from the Lens than from the Spherule, becauſe 

CD the Semidiameter of the Sphere is ; of Cc, the plate 
Diſtance of the Lens AB; conſequently an Object is XLv 
viewed by a Lens to a much greater Advantage than by 3 
a Sphere, in regard to the Light, &c. 18. 3» 

4. A Single Microſcope of the Catoptric Kind is a 
ſmall concave Mirrour as ADB, having the Object 46 
laced before it, nearer to the Vertex than its Focus 
*, In that Caſe the Image JA will be formed behind 
the Speculum, very large, erect, and diſtinct, as has 
been already ſhewn. Such a Speculum is of admirable 
Uſe to view the Eye ; for being turned to the Light, the 
Uvea or Iris, the Pupil, the Cornea, and all the viſible 
Part of the Tunica Albuginea, with the fine Ramifications 
of the Blood-Veſlels, and Part of the Glandula Lachry- 
malis, are all by this means greatly magnified, and ren- 
dered curious Subjects of our Sight. 

5. Alſo if the Object ab be placed any where be- Fi 
tween the Centre C and Focus F of the ſaid ſmall Spe- OE 
culum A B, then will its Image I A be formed at a 
great Diſtance from the Glaſs, and may be made to 
bear any aſſign'd Proportion to the Object by placing 
the Object nearer to or farther frrom the Focus F : But 
for common Objects the Room _ to be dark, or 
the Object extremely lucid, as a Candle, &c. But 
more of this when I come to ſpeak of the Solar Micro- 
cope. | | | 
# 6% The next Sort of Single Microſcope is a Cata- 
dioptric one, which performs its Effect by Reflection and 
Refraction; the Theory of which being curious, I ſhall 
give the Reader as follows. DB LH is a Globule of Fig. 6. 

ater ; and it was ſhewn that an Object A a, placed 
in its Focus A, would be ſeen diſtin and magnified by 
refrasted Rays AB DE. (See Art. 3.) Now 'tis evi- 
dent we may conſider the Ray B D either as the re- 
fracted Ray of A B, or the reflected Ray of FB, the 


Angle CBF being equal to the Angle nin 


F ig. 4. 


* 
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Fig. I, 2. 


Glaſſes, vx. the Objet-Lens de, and two 
Eye-Glaſſes DE and G H. «The Object 
abe 


fince in each Caſe the Ray BD is at D refracted into 
D E parallel to the Axis G K, it follows, that diſtinct 
Viſion will be produced of an Object F/ placed in the 
Focus by Reflection F within the Goa as the Object 


Aa in its Focus A by Refraction without it. 


7. In order to determine the focal Diſtance IF by 
Reflection from the Concave B I 7, for converging Rays 
D4, we have HKE =4 HC, or 41 C, (by Annotar. 
CXXV.)-whence IK =21C, that is 4 S r, in the 


Theorem — — = f (in the ſame Annotation.) Alſo 


becauſe the reflecting Surface is here concave, and the 
2 1 


— 24 —, 


Rays converging, the Theorem will become 


— os =3r =IF; whence CF=+r. Alſo 


— ow 


it has been ſhewn that AI=IC, or CA =2r; and 
therefore CF: CA:: 4: 2: 3: 10 :: 1: 33. 

8. And ſince the ſame Object will appear as much 
larger at F than at A, as the Angle FC f is greater 
than AC a, or the Diſtance C A greater than C F, 
it follows that an Object in a Globule of Water ſeen 
by Reflection is magnified 334 times more than it would 
be in the Focus A by Refraction. Suppoſe then 
CAS of an Inch, then will CF = of an Inch; 
and therefore, ſince 6: 4, :: 100: 1, it appears that 
the Diameter of an Object at the Focus F is ſeeg 00 
4 larger than at the Diſtance of 6 Inches from the 

e. | $ | 

70 In a Glaſs Globule, HK =3x, A r=d; and 

| $f r a7 


r S 
the Theorem ——— 7 N +r = IF; whence 


CF fr. And becauſe IA = Ir, we have CA 
Ar; conſequently, CA:CF:3:4::2+:1; 
that is, an Object is magnified 2% times more at the 
Focys F within, than at the Focus A without a Glaſs 
8 ; Globe : 


C WO — 


3 b c being placed at a little more than the 
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Focal Diſtance from the Lens de will have 
_ "I its 


Globe: And hence it appears, that equal Globes of 
Glaſs and Water magnify by Reflection in Proportion 
of 21 to 3%. Alſo becauſe CF = in Water, and 
CAS 3 when the ſame Globe is Glaſs, it appears 
that Objects are magnified in the Water Globule more 
than when ſeen through the Glaſs Globule, in the Pro- 
portion of + to 4, or 24 to 1. 


10. A Douzrs Microscoee is compoſed of two Plate 
convex Lenſes, viz. an Object and an Ocular Lens. XLV. 
The Object Lens is df, placed a little farther diſtant Fig. 7. 


from the Object a b, than its focal Diſtance ef; be- 
cauſe then its Image A B will be form'd at the required 
Diſtance e C; and as ec: e C:: ab: AB. If this 
Image A B be view'd by a Lens D F placed at its focal 
Diſtance from it, it will appear diſtinct, becauſe the Rays 
will thence go parallel to the Eye at I. 

11. Now the Object a b and the Image AB appear 
under equal Angles from the Vertex e of the Lens 
df; that is, the Angle a e b = Ae B. But the Angle 
under which the Image is ſeen from the Vertex E of 
the Eye-Glaſs D E is B EAS DIF; therefore the 
Image view'd by the Eye-Glaſs is to the Object view'd 
by the Object Lens, as the * B E A to the Angle 


Be A, or as Ce to C E nearly. Suppoſe CE = 


Inch, and Ce = 4 Inches, then will the Object be 
magnified 4 times in Diameter by the Means of the Eye- 
Glaſs DF ; but it is magnified by the Lens d f in Pro- 
portion of 6 Inches to e c, that is, if ec = 1 Inch, ſix 
times. Wherefore by both the Glaſſes the Diameter is 
magnified 4 x 6 = 24 times. 

12, But in this Caſe of a ſingle Eye-Glaſs, the 
vi/ible Area (call'd the Field of Vieto though larger than 
in the Lens de alone, yet is not fo large as it may be 
render'd by the Addition of a ſecond Eye-Glaſs, as 
G K; for by the Lens D F alone the viſible Area is 
equal to the Aperture of the ſaid Lens, becauſe no 
more of an Object or its Image can be ſeen than what 

13 
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when the {everal Quantities d, r, p, r, are given, the 


OrrTics 


its Image form'd at a greater Diſtance on 
the other Side, and proportionably large, 


as 


is contain'd between the Rays D 4 and F / parallel 
to the Axis; that is, the viſible Part of the Image is 
df = DF, and is ſeen under the Angle DLF (L be- 
ing the Focus of the Lens DF, or LE = CE) and 
this is call'd the Optic Angle, or Angle of viſible Mag- 
nĩtude. ; 

13. But this Angle is greatly increaſed by the Ad- 
dition of the Glaſs G K; for let a K and b G be the 
Axes of two Pencils of Rays which come from the ex- 
treme Parts of the Object a and b, and falling diverging 
upon the Lens G K are refracted by it towards the Point 
6 in the Axis of the Glaſs produced. But in their Paſ- 
ſage they are intercepted by the Lens D F, which re- 
fracts them to a Point I nearer the Lens than the Focus 
L; and therefore the Angle DI F is greater than the 
Angle D LF, and conſequently a larger Field of View 
is by this means obtain'd. 

14. To find in what Proportion the Angle DIF is 
greater than DL F, we muſt conſider e as a Radiant 
Point, whence the Pencil of Rays Ge K diverges to 
the Lens G K; then if He = d, Ha = r Radius of 


the double and equally convex Lens G K, we have 


= y = HO the Focus alter Refra8tion; and ir 


HE =p, then y—p =E O d Diſtance for con- 
verging Rays K F and G D. And let r = Radius 
of the double and equally convex Lens D F ig 


nn Wherefore LE : IE z t: 


d +r PRT 
dr 
yr —pr 21: a . e 2 f 'Theref 
r 2 5 
— + 
d = 7 


Ratio 


P 
L 


— ß *l 


ms Vx » VQAa% tric 


” "op CY 


rr 


oF aA oF &@ 


mh 


„ 


F 
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Jas at MN; which large Image is contract- 


ed into one ABC ſomewhat leſs, by the 


lower 


Ratio of the 15 8 DLF to that of the amplified Angle 
D1F is given allo, 3 4 | 

15. For Example; let He d 5 Inches, He = „ 
=3,5, þ = HE =2, andr =mEC=LE =1,5; then 
J = 11,33 ; therefore 2 = T7 = 0,86=IE. 
Therefore the Angle DLF: DIF ::IE:LE :: 0,86 : 
1,5. Therefore the viſible Area by the fingle Eye-Glaſs 


DF will be to the amplified Area by both the Lenſes 


G K and D F, as the Square of 0,86 to the Square of 
1,5; that is, as 0,7396 to 2,25, or as 7396 to 22500; 
which Augmentation in the Ratio of 3 to 1 nearly is very 
confiderable, and affords great Advantage and Pleaſure in - 
viewing Objects. | 

16. The magnifying Power of a Compound Micro- 
ſcope is thus computed: The Angle under which the 
Object a b appears at the Diſtance of 6 Inches, is to that 
under which it appears when ſeen through the Lens d f, 
as e c to 6; wherefore the firſt Part of the compound 
Ratio of the magnifying Power will be 2 

17. Let He be the focal Diſtance of the Lens G K; 
with the Radius He deſcribe the Arch ca, and draw 
a H; this will be the Axis of all the Rays which go 
from the Point @ to the Lens G K; conſequently, the 
Ray a K will after Refraction be parallel to the Akis, 
i. e. the Ray K O is parallel to a H; therefore the Image 
of the Object being in the Focus c of the Lens G K, will 
be ſeen under the Angle K OH, which is equal to the 
Angle a He; but it is ſeen from the Lens d f under 
the An le a ec. But the AngleaHc:aec::ec:cH, 
Wherefore the ſecond Part of the Ratio for magnifying 


. ec 
£ that of ecto c H, or b 
I | . ay «| 


18. Laſtly; let C be the Focus of the Lens D N 
and with the Radius E C deſcribe the Arch Ce; _ 
| * 


going Theory of Dioptrics. 


Orries. 


lower Eye-Glaſs DE; and this Image is 
viewed by the Eye through the upper, Eye- 
Glaſs 


will e E be the Axis of the Pencil of Rays proceeding 


from the Point e to the Lens DF, of which e F being 


one, it will be. refracted_into F I parallel to e E; and 
ſo the Angle FLE = CE. e. But FIE is the Angle 
under which the Itrage is viewed through the Lens 
DF, which is to the Angle COA as CO to CE. 
Therefore the third and laſt Part of the Ratio for mag- 
nifying is 2 6 „ * 

19. If now we compound the ſeveral Parts of the Ra- 
tio now found into one, 1b, will make the Ratio of 
_ * = x to 1. For Example, let ec = an 
Inch, c H = 34,ec >2,CTE = 14 ; then H E being 
2, and HO = 11506, we have CO = 10466 ; whence 


* 
* » 


the above Ratig in Numbers will be _ * = * 
i ""Y "I . » 5 


—= 40,87. Therefore the Diameter of any Objea 

3 = 

is magnified near 41.times by ſuch a Compound Mi- 

croſcope. SOD | 1 
20. If this Calculation be enquired into, we ſhall find 

that the. Glaſs G K diminiſhes the magnifying Power, 

which is greater by the Eye-Glaſs D F alone, and more 


diſtipct. Thus in Fig. II. of the large Plate XLVI, if 


the lower Glaß D E were taken away, the Rays would 
go on and be united in a Focus at the Points N, 
and there, form an Image of the Length MN; but by 
replacing the Glaſs D E we ſhall have the large Imagg, 
MN contracted into a lefler n.. Now this larger 
Image MN may be conſidered as formed by the J. ens 
DE at a negative Focus from an Object nn, whoſe 
Diſtance F B is leſs than the focal Diſtance of the ſaid 
Lens: All which is eaſy to Underſtand from the fore» 


Or ries. 


Glaſs GH ; where it alſo diſtinctly views 


the MIcCROMETER op 9, paſſing over a mi- 
nute 


- 21. Now ac; MN: 77 and drawing M F 
and N F, we have MN : FP: E B, becauſe the 


Object and its Image do in Caſe ſubtend the ſame 
A 8 — 
fore. nn B, from the com- 


for a double and equally 


4 — 
convex Lens z © 2 = 7 for a Plano-Convex 


a- 
of one. For ſince the Focus f is negative, or — 


an —f=FP, wereſote 47 = =» df + rf, and ſodr + 


n = bee 1 2 0 = 
9, ef = * . 7 = 
d, in a Plano-Convex. 
* 22. N 
1 Ge tarne Image MN, or „ 
>& bs. viewed through Tev- IRE 
i contained between the perpendicular Lines H C 
li- G A; and that therefore a much greater Part of the 
Node» pry ts than in the ] 
which is wholly owing to its being gontrafted 
the lirge Lens D Ez and ths is ll hs E it 
e. 


of is à Gatadioptric one, 1. e. 8 


Effect by Reflection Gijec action jointly 1 
ſtructed with a ſmall Ob fe d, whoſe Fo- 


is at F; tai ie ko n, that if a ſmall Ob- 
7A b be placed a little farther from tha than 
the Focus f, there will be formed a large | thereof 
AB; which Image ol and in 
© the Object as the Dit t Ce to the Diſtance ee, 
as when an Object Lens Was uſed. 

Vor. III. n 


E 24. Part 


* 
* 


ion 
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28. The next Sort of Microſcope 1 ſhall take noi Plate 
is XLV. 
it is con- Fig. 9. 


Or TI es. 


nute Part of the Image in meaſuring it. 
But what is farther neceſſary in the Theory 
and 


F D, which is or ought to be a Meniſcus, as here re- 
preſented j beciuſe the Image being formed by Reflec- 
tion, it will be more perfect, and admit of a deeper 
Charge in the Eye-Glaſs DF; and thoſe of the Me- 
piſs Form are beſt for this Purpoſe, becauſe the Errors 
of the Rays, and conſequently the Confuſion cauſe] 
thereby, in the Refraction made at the convex Surface, 
are in a great meaſure rectified by the contrary Refraction 
at the concave. Surface, as is eaſy to underſtand from 

what has been faid of refracted Light, Annat. CXVII. 
Plate 25. Another Sort of Catepiric or Reflecting Micro- 
XLV. ſcope is conſtructed with two Speculums, a b c d and 
Fig. 10, AB C Dvith a cen Hole in each. I he large Spe- 
. culum is-Concave, thex@ther convex, and both of equal 
Sphbericity. They have their Focus at one Inch Dif- 
_ tance, and plged-at the Diſtance of 14 Inch from each 
other, that ſo an Object OP Q, being placed a little 
before the ſmall Speculum, might be nearer to the large 
one than its Centre K. | * 
. 26. This being the Caſe; the Rays, PA, PD, which 
is | flow from the Point P to-the Speculum A D, will be re- 
x feQigih towards: a Focus p, where an Image pg would 
be formed, if the Rays were not, intercepted by the con- 
ven Speculum a b; and the Point p being nearer than its 
. 5 the Rays A a, D d, which tend towards it, will 
| be reflected to Focus P, where the laſt Image P 2 
. will be formed, to be viewed by the Eye- G, 
tranſmitting parallel Rays to the Eye at 1. Rr” 
27. The Power of magmtying in this Microſcope 
1 thus eſtimated. (I.) The Object OP ſeen from the 
[ Vertex V-of the Speculum A D is to the ſame feen at 
the Diſtance of 6 Inches ſrom the naked Eye as 6 to 


* VP, or as J. (2.) Then Image p g, (to be con- 


ſidered now as a virtual ObjeF) ſeen from the Vertex | 
of 


24. Part of this Image is e an Eye-Glaſs 


*—— es... HS Ta © 4a. I 


b 


and Structure of theſe Microſcopes may be 
found in my Micrographia Nova, together 
with 


of the Mirrour A D, is S the ſame ſeen from the Ver- 


tex v of the Mirrour, ad . r to V5, or as Vp. 


vp 

(F) Laſtly, the Image 0 b 2 ſeen from the Vertex v 

Eye-Glaſs G, as G P ts HD or or as 5 Where the 

1 Vp. PV 

whole n Power i 18 as 5 * vp X TÞ to I. 
This Contrivance we oe to Dr. Smith of Cambridge. 

; 28. But 72 EF 8 wy con- 

ructing a Catoptric Micr 2 with two reſtecring 

Mi 0 is that which follg ABC] 

Caſe or Tube, in one End 

cave Speculum G H, with a Hole 1 


the Centre of this Speculum is at c, ani ls Focus at O, 
ſo that VO = Oc, © the ephn Eid d che Ieh is 


pgs a ſmall convex "ha def, on a Foot f, 
Which it is moveable nearer to of "farther from the 
larger Speculum, G H, as Occaſion requires. 


of the 


If now an Object a b be poſited in the Centre c 
large Speculum, the Image thereof a 9 = 
42 in * ſame Place, as has been ſhewn⸗ 
and this Conſideration is "A the Reaſon of this Forgyot 
a Microſcope ; for, if now we look upon the Ima 
as an Object nearer to the convex Speculum d f than its 
Focus f, tis plain a larger Image 4 B will be formed 
ered) at the Focus C; or that Rays c G, c H, pro- 
g from any Point e in the Object ab, will be 
reflected back upon themſelves, as being perpendi- 
cular to the Speculum ; but the refracted Rays meeting 
with, or impinging on, the convex Surface of the Spe- 
culum df, will (as they 1 in to a Point c, nearer than 
the Focus VJ be OY Focus C, which is found 


by the Theorem = f (Annot. CXXV.). 
55 7 2 30. Fer 


A 


_ 


the Speculum a d, is to the ſame ſeen through the 


E F is a Plate 
E a con- XLVII, 
the Middle; 3 Fig, 10. 


5 


— — — 
— — —-— — — 
— — - 


\ 


Plate 
XLVI. 
Fig. 1,2. 


| 
4 
k 
þ 
\ 
| 
i} 


| Serbe Ima 4B will be 5 times longer than 
he 


is two; pd there 


** 


deſcribed by others, but only ſuch as 


OrT1C8. 


with a large Account of all Kinds of M - 
nſec Objefts, and a Deſcription of the 
Solar 


30. Fer in this Caſe f= e e, and d Se C; and ſince 


7 
9 


FL: < 


dr =rf + 2 dh we have, = 6 Thus if we 
put the Radius of the ſwall Speculum 8 


e r 1, and let ec f = 0,8; then = 2—1,6 


a mighty, =d 3b; 4B: 8: 4+; 


ject a b. This Image A B is viewed by the Me- 
viſcus 1 ye-Glaſs LM, whence tis eaſy to obſerve that 
this Fen of a"Microſcope is the ſame with that in Ar- 
ticle 233 24. only there. is but one Reflection, and here 
al Concave was uſed, but here 

a Convex; beeguiſe By this means the Inſtrument is 
twice the focal Diſtance e pp nearly, which is 

derable, as being 5 Part of the Whole. 4 
* * I ſhall ſhew in the next Annotation how both theſe 
— may be had very conveniently in the re- 
Teleſcope , and conclude this with an Account 
oft the Nature and nd Uke of the Micrometer for meaſuring 
the ſmalleſt Parts of natural Bodies ; and here I ſhall not 
take ice of the ſeveral uncertain con er Methods 


uſe in my own 


ee which is Arictly Mechanical, and gives 
32. The the abſolutely. 

The MicnouzrER conſiſts of a duated cir- 
cular Plate X. of a Screw 9 o, and its Index q r. The 
Threads of the Screw are ſuch, that 5o make Le 
of one Inch exactly. When it is to be uſed, the Po 

o is ſet to the Side of the Part to be meaſured, and then 
the Index is turned about with the Finger, til the Eye 
perecives the Point has juſt paſſed over the Diameter of 
the Part; then the Num Turns, and Parts of a 


Turn, ſhewn by the graduated Circle, will give the 
Dimenſions 


r F nn _—_— yn 1 
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Solar Microſcope. Yet, that the Reader may 
have an Idea of the #290 new Forms of Mi- 
croſcopes deſcribed in that Book, I have here 
annexed the Plates, viz. of the PocktT and 
UNIVERSAL Microscoes reſpeQtively, 
TRE TELESCOPE is of two Sorts, vs. 
Dioptric, or Refratting ; or Cata- Dioptric, 
by Refleftion and Refraction conjointly. A 
refradting Telefeope conſiſts of an Object- 
Glaſs x x, by which the Image f d of an Plate 


i Object Fig. 8. 
Bat 97190 F L 
Dimenſions in Parts of an Inch, as I ſhall ſhew by the 
following Example. Pa © © 1 
33. Suppoſe it required ure the Diameter of 


an human Hair, and I obſerve the Index is turned juſt 
once round while the Point paſſes o over it. Then tis 
lain the Diameter of the Hair in the Image is & of an 
ch. Now if the Microſcope magnifies 6 ti or 
makes the Image 6 times larger in Diameter that 
Object, then is the Diameter of the Hair itſelf but of 


he Micro- 


of ys, or the rev Part of an Inch. Therefore, if in 
meaſuring any Part of an Object, you obſerve how 
many of theſe ſmaller Diviſions are palſs'd over by the 
Index, you will have ſo many 1000dth Parts of an Inch 
for the Meaſure required. All which is ſo plain, that 
nothing can be ſaid to illuſtrate the Matter, 

35. In Plate XLVIII. I have given a Print of the 
Form of my Nx Pockx Er- Micxoscorꝝ furniſhed with 
the MicRQMETER above deſeribed. Tanis Microſcope is 
of the moſt ſimple Structure, moſt eaſy and expeditious 
for Uſe, and comes at the leaſt Price of any hitherto in- 
vented of the compound _ 

4 


Orr cs. 


Object O B, at a Diſtance, is formed in the 
Focus e of the ſaid Glaſs, and in an in- 
verted Poſſtiun. This Image may be view'd 
by a ſingle Lens a 6, placed at its Focal 
Diſtance, - as is uſually done for viewing 
the heavenly Bodies, becauſe in them we 
regard not the Poſition : But for viewing 
Objects near us, whoſe Image we would 
have erect, we muſt for that Purpoſe add 
a ſecond Lens pg, at double its Focal Diſ- 
tance from the other, that the Rays which 
come from à 0 may croſs each other in the 
Focus O, in order to erect the Image g u, 
which 3 for! its own GD m, be- 
cauſe the Rays come parallel from the firſt 
Lens 4 b. Laſtly, a third Lens 7c is added, 
iew that ſecondary Image g . Theſo 
wy 3 Lenſes, or Eye-Glaſſes, are uſually of 
the ſame Size and Focal Length ; and * 
Power of magnifying is always as the Fo- 
cal Length of the Objet-Glaſs e w divided by 
the Focal Length of the Eye-Glafs | m or h e. 
For inſtance : Suppoſe e ww = 10 Feet or 
120 Inches, and he or-/m = 3 Inches; then 
will the Length of the Object appear 4 
the Eye through ſuch a Teleſcope 
times larger than to the naked = 2 
nts Forde will be . 1600 times, 


and 
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and its Bulk or Solidity 64066 times, 
(CXX VII) = by 
l Ir 


(CXXVIII.) 1. The Nature and Structure of a com- 
mon refracting Teleſcope” is above deſcribed, and is fo 
evident from the Figure, that ſhall fay nothing farther 
relating to its Compoſition, but ſhalt proceed to ſhew 
the Imperfetion of this Telefcope, and that it ariſes 
from the different Refrangibility of common Light, and 
not from the ſpherical Figure of the Glaſs, as the Opti- 
cians before Sir Iſaac Newton's Time imagined, and, 
therefore propoſed to bring them to greater Perfection 
by introducing the Method of grinding and poliſhing —_— 
Glaſſes of the Figure of one or other of the Conie 52 Þ 
Sections. , 

2. But this great Philoſopher ſoon ſhewed them their 
Miſtake, by proving that the Error ariſing from the 
Figure of the Glaſs was many hundred times leſs than 
that which proceeded. from the unequal Refrangibility 
of the Rays, and was fo ſmall as to be altogether incon- 
ſiderable ; and this he did by an elegant Method in his 
Lectianes Optice, which I ſhall here tranſlate from that 
admirable Book, Fog 7 
Let NB Mithe a ſpherical Surface, C the Centre, Plate 
C Bithe Semidiameter or Axis parallel to the incident XLVII, 

Rays, A N an incident Ray, and N K the ſame re- Fig. 1. 
fracted, cutting the Axis C B produced in the Point 

K; and let F be the Solar or Wierer Focus, where 

the Rays meet the Axis which are infinitely near to the 

Axis. The Error K F is now'to be determined. 

4. Let fall the Perpendiculars & upon NK, and 
N G upon C K; and call CB 2 H u K 
2; and from the Nature of the, Circle we have N G- 


=24x= x &, to which add G K. . (2 2 T 
2 2X2 242214 — 2ax +, and the Sum wil} 
be NK T2222 / 44. 15 

3 Now ſince NG: CE :: I: R, viz. as the Sine 
of Incidence to the Sine of Refraction; and becauſe of 
ſimilar Triangles C E K and N G K, it is NG: CE: 


NK: CK :I: R; therefore *:R*::(NK*: CK.) 
* T2 Xxx — 24 T ;: *; and Foe = * + 
E 4 =_ 


— — 


_ | neat or 25. If then for # in dhe Equation of 
15 ü ha 


Ir inſtead of a canver Eye-Glaſs we ſhould 
us a coneave one of the ſame Focal Length, 
NM 


2x2 24 +a x R. and by Reduction z z = 
N. R- R 
EE — -—; and (putting 2 RA 


2 q* 


«= & me ave NE N and z 22 K 


— p and compleating the Nn ** = 252 + 


— a> 


$5 ZSS — . and extracting the Root, 2 = 5+ | 
JV n NF whence by Subſtitution we have) z = 
2.7. R2 2 > TNT TN 
R* a—R . 2 . 
6. And, n the radical Part to an infinite Se- 
R a R* x R* x Rexs 
* Err 


Vc. Now when # S S N =CF; whence 


: 2 
CF CK KF Nr + pp e den is 


the Value of the Etror required. W 


7. Henee when B G or x is exceeding mall, TRI 
KF nearly, becauſe in that Caſe the other Terms, 


where the Powers of „ are found, become 
extremely imall, | pathing in regard to the firſt Term 
Cs ee | | 5 


= LF carts) r NG BG jan CG=BG 
X 2 BC neatly, (from the Slenonts) that by pf = =24ax 


2 


* 


Or TiICs. 


it would repreſent tne Object erect, equally 
magnified, and more diſtinct and bright; 
| but 


the laſt Article we ſubſtitule its Value — it gives the 


Equation above in this. fte 7 
5 Hence alſo it follows, th Error K F is al- 
ways as the Sagitta or verſed Sine G B, or the Square 
of the Semichord N G. 
10. If the Ray AN K be given in Poſition, and an 
be any other parallel Ray nearer to the Axis, and on 
the other Side; of which let n 4 be the refracted Part 


cutting the Axis in &, and the refracted Ray N K in Q. 


and from Q draw Qs perpendicular to the Re Then 
will the Line Ko become greateſt of all, or a Maximum, 
when the Ray an is about half the Diſtance of the Ray 
AN from the Axis, 

11. For draw n rpapdicular to the Axis, and put 
ng u, Ke CD 1 ES; and ſince, 


by Art. , we have N ng*:: KF: AF, or *: 


„ in dcroforeK.F — FF = =- 
13 vo 

* Jy 

el 4 —_— GK:GN::Ko: Qs; wherefore 
Qe= = Alſogn; GK (=g4nexh) :: : Qs: oks 


=; therefore I 0+K o == . LiEt2 = K 4 2 
—5 
252 — ; and dividing by v + y, and rediicing the | 


Equation, we have = = IJ 222. 


13. . we muſt make 


its Fluxion == 0, that is, = 0 3 


whence we get hy y—2 b + that bs, by =2bv, 
\ g or 


* 


0 


58 


conſtant, the lateral Error P Q will be as 5, or as 


OP TICS. 


: but the Diſadvantage of this Claſs is, that 
it admits of but a ſmall Area, or Re 


1ew, 


or 2v=y, or 2ng = NG, when s or K o is greateſt 


14. Therefore K o, when greateſt, is equal to about 
2ofK F; for if i the Equation expreſſing the Value 
of 5 (in Article 12.) you write 2 v for y, there will ariſe 

. | 
15. Alſo becauſe CF — CBS BF = GK neatly, 


Ra ” Ig 
therefore GK = mw 127 = F=T7 Whence ſince 


GKk(=—2-): GN (=y)::Ko(=3IKF= 


R y* , 2 RZ 53 
TEE) >= 


16. If the Arch B M be taken equal to the Arch 


B N, and B m=B 7x, and Rays incident on M, and m 
are refracted interſecting each other in the Point P, then 


, ws.» a 2 1 
tis evident PQ 2 Q 


y 
4 Þ a* 


and M are fo refracted as to paſs through the Space PQ, 
and that the ſaid circular Space P Q is the leaſt poſſible 
in which all the Rays can be congregated; and there- 
fore that this Space is the Focus or Place of the Image 
of an Object, which ſends parallel Rays upon the whole 
Surface of the Lens NB M. 

17. For no Rays can be refracted without this Space, 
becauſe ſince Q is in a given Ratio to K 0, it will be 
at the ſame time a Maximum with it; and therefore the 
Point Qis the moſt remote from the Axis, in which 
any of thoſe refracted towards F, can poſſibly inerſect 
the external Ray N K. Neither can they be refracted 
into a leſs Space, becauſe the Rays M K, N K, cut the 
external Rays n and mm & in the Points P and QQ, by 


which the Space P Qis terminated, 


18. If the Radius of the Circle (or Lens). N B M be 


the 


; and it is alſo plain, 
that all the Rays which fall on the Curve between N 


a 
ö 


n 


View, and therefore not to be uſed when 
we would ſee much of an Object, or take 
| in 


the Cube of the Breadth ofthe Aperture NM. 

if the Aperture of the Lens remain the ſame, the ſaid 

Error P Q will be. reciprocally as a; 

therefore as B F*, ſince CB and are in a:given 

Ratio. But if neither the Mapnitude of the a 

nor of the Aperture be conſtant, the Error P Q will 
3 N M? | | 


be as > or as NH, 38 is evident from its Value 


2 


555 
N. wherein the Part 1 is conſtant, and there- 


4 
fore omitted. Thus far Sir Iaac. 

19. In all that has been ſaid in the preceding Articles, 
we are to underſtand Sir Iſaac's Deſign is to ſhew what 
the Quantity of the Error is, and in what Proportion 
it varies, that ariſes from the circular Figure of the 
Glaſs only in refracting the fame Ray as it is nearer ta 
ir farther from the Axis. And therefore we are to un- 
erſtand that the Rays here meant are homogeneal, or 


all of the ſame Sort, and which admit of no Error from 0 


a different Refrangibilit 

20. 
from the different Refrangibility of the Rays, and from 
the ſpherical Mgure of the Glals (ſuppoſing it a Plano- 
Convex, as it commonly is) in a "teleſcope of any given 
Length. For Example: In a reſracting Teleſcope of 
100 Feet Length, that is, where BF 2 BCS 242 
D = Diameter of the Sphere = 12co Inches, y = N G 
= 2 lnches, and let I: R:: 20: 41 out of Glaſs into Air, 
Then will the Expreſſion for the lateral Error fm the 


3 
Figure of the Glaſs be * he ebb — 
6 . 411 4X20X20Xx600 x boo 


IE 

©. 72000000 

circular Spice PQ. 

21. The Diameter of the little Circle through which 
the Rays are ſcatter d by unequal Refrangibility is about 


the 


or as CB, and 


ircle 


lence we are able to compare the Errors ariſing 


——=— Parts of an Inch, the Diameter of the ; 


59 


60 Or Tics.' 


in a great Scope; but it is uſed to great Ad- 
vantage in viewing the Planets and their 
. Satellites, 


” ts 55th Part of the Breadth of the Aperture of the 
Object-Glaſs (as we have already ſhewn) that is, in 
the preſent Caſe 55th Part of 4 Inches, or = 


Wherefore the Error ariſing from the ſpherical Figure 
of the Glaſs is to that ariſing from the different Refran- 


FI gon _& ; 
gibility of the Rays as 72500600 to 15 that is, as 1 to 


5449; and therefore being in compariſon ſo very ſmall, 

deſerves not to be conſidered in the Theo Tele- 

ſcopes. | : Foyt | 
Plate 22. Let us now fee, according to Sir Iſaac's Method, 
XLVII. what the Value of his lateral Error P Q is in the Rays re- 
Fig. 2. flected from a ſpherical Surface, where every Part is de- 
noted by the ſame Letters as before; only now the re- 
fracted Ray N K is the reflected Ray: And here alſo NG. 


= 24 , and G K = ( = 2 - =) ot 
24 — 24% Tπ⁹ + 2% x + 22, as before, (Article 4.) 
therefore NG + GK NK“ =# = 242 + 


2K 2 1 Z SZ; becauſe NK = CK, ftom the a 
Law of Refieftion. Whence a =2 az 2 and 
0 : a | 

therefore 2 . = CK; but C = La, thexe= ff ; 
| ; 2 3 a 

fe ee FE ten 
| 2a — 2x | 
a x - 


1 


— — . | | * | t 
2 — * * 2 | 

2: EE» "I a x 

23. Hence, when is indefinitely ſmall, F K = —_ 

E Nr GA; and becauſe y y = 2 4's nearly 

(ſee Article 8.) therefore * SK F KR; and hence 


it appears, that the Error K F is always P- or the t 
verſcd Sine G B, or as y*, or Square of the Sine or 
Semi- Aperture NG. 2 


24. Again ; 


x 
x 
| 
al 
. 
* 
1 
4 
4 
1 
| 
| 
iN 
i 
F 
T 
fs 


S3 8 & alx 


ay * 


OyrT1ICS. 


Satellites, Saturn's Ring, Jupiter's Belts, &c. 
This is called the Galilean Teleſcope, from 
N Galileo, 


24. Again; every thing in Art. 10, 11, 12, 13, and 
T4, is the ſame here as there; and ſo K o A K F 2 
76 And becauſe G K is nearly equal B F . 
therefore G K: G N:: K: Qi; that is, Za: :: 

2 y? A * 85 
| =: —= Qo; conſequently, ODS 5 2-- 

3 

2. Hence if we put a = B C = Radius of the re- 
flecting Sphere, NB M, we ſhall have PQ in the re- 
fracting Surface or Lens, to PQ in the reflecting Sur- 
2 of 3 2 

face or Mirrour, as to — (if a = a) as = 
41424 4 aa T 

to 1, that is, as 2,4 to 1; fo that the Error by Refrac- 
tion is near twice and a half greater than that by Re- 
* when the Radius of the Sphere is the ſame in 

26. If the Medium be iven, or the Ratio of I to R. 
and alſo the Aperture NM g 25; then the Error by 
Refleftion is to that by Refradion as > to —- Hence, . 
ſind if the focal Diſtance of a refleting Teleſcope and 
a refracting one be equal, we have 4 = 4 a, therefore 

"8 1 2 
42 0 ; to I, it appears that the Error P Qin 
the Refractor is to that of the Reflector as 16 to 1. 

27. Again; it appears, that in the Reflector, us well 
as the Refractor, the Error is (cæteris paribus) propot- 
tional to 5, or the Cube of the Aperture of the Ob- 
Jn bn B M. 

28. Laſtly, we obſerve in the refracting Teleſc 
if the Radius C B = a, and 1 NG qe 


be given, che Error P Q will be as I- Hence, if the 
Lens 


ö 
ö 
1 
| 


62 


5, c, the Aberration or Error cauſed in the Ray by Re- 


Glaſs, Sir Iſaac Newton propoſed a Reme 


Or T 1 C . 


Galileo, the Inventor, and is the firſt Sort of 
Teleſcope ever made. e 
my . 0 


Lens be Glaſs, we have 7 = * 2,4; and if 


the Lens be Water, we have 7 = 22 _ 0 2 577. 
Therefore the Error by Refraction in a Glaſs-Lens is to 
that in a Water-Lens (ceteris paribus) as 2,4 to 1,777, 
or as 4 to 3 nearly. | 

29. Before Sir Iſaac Newton, all Opticians imagined 
the Indiſtinctneſs or Imperfection of 'Teleſcopesqwas 
owing wholly to the Figute of the Glaſs or Lens; 
which put them upon introducing the Figures of the 
Comic Seftions, becauſe, being acquainted With the Ra- 
tos of Incidence and Refraction, they could find by 
Geometry that an Aberration of Rays from the princi- 
pal Focus F would be occaſioned by the Curvature of 
the Glaſs, and that was always leſs of courſe as the 
Curvature was leſs; and that therefore if N B D, E 2A 
OB P, and QB R, repreſent the curved Surface of 


» Circle, an Elliplis, a Parabola, and an Hyperbola, whoſe 


common Focus is C, *tis plain, if a parallel Ray A N 
be incident on each of theſe Curves in the Points N, a, 


fraction in each will be as the Curvature is leſs, og as 
the Radius of Curvature in the Points N, a, b, c, in- 
creaſes; and it has been ſhewn to be as the Square of 
that Radius inverſely. (See Art. 18. and 26.) Conſe- 


quently, ſince the Aperture and principal Focus is the 


ſame in all thoſe Lenſes, the Errors of the Kays will be 
eſſen# in each of them reſpectively. _ 

30. But if the Imperſection of the r#raQing Tele- 
ſcope had been owing only to the ſpherical e of the 


y without 


Recourſe to the Conic Sections, which was by compoling 
the Object-Glaſs of two Meniſcus-Glaſſes, with Water 
between them. Thus let A D F C reprefent the Ob- 


8 je &-Glaſs compoſed of two Glaſſes AB E D and BE 


F C, alike convex on the Outſides A G D and CHF ; 
| an 


OyrrTics. 


Tur Cata-Dioptric or Reflefting Teleſcope 
is the moſt noble and uſeful of all others; 
. 309; the 


and alike concave on the Infides BME, BN E, with 
Water in the Cavity BMEN. , | g 

31. Now let the Sines of Incidence and Refraction 
out of Glaſs into Air be as I to R, and out of Water 
into Air as K to R; then out of Glaſs into Water they 


will be as I to K (Arnot. CXVII.). And let the Dia- 


meter of the Sphere to which the conyex Sides are 
ground be D, and the Diameter of the Sphere to which 
the concave Sides are ground be to D as the Cube Root 
of K — I x K to the Cube Root of K.—T x R. 
Then the Refractions on the concave Sides of the Glaſles 
will be very much corrected by the Errors of Refractions 


on the convex Sides, fo far as they ariſe from the Sphe- 
ricalneſs of the Figure. | 


32. But fince thoſe compound Lenſes of Glaſs and 


Water are with Trouble and Difficulty made, Opticians 
have applied themſelves to invent the beſt Figure of 
ſes tor this Purpoſe, that is, ſuch that the Refrac- 
tion at the fecond Surface might correct the Errors of 
Refraction at the firſt Surface (ariſing from the Figure 
of the Glaſs only) as much as poſſible: And the famous 
Huygens has given us a Theorem by which he proves the 
1 Particulars. | 
33. Firſt, That when parallel Rays fall upon the 
plane Side of a plano-convex Lens, the (longitudinal) 
Aberration of the extreme Ray is 2 of the Thickneſs, 
and is leſs than the like Aberration cauſed by any Me- 
— whoſe concave Side is expoſed to the inci- 

dent Rays. | 3 
34. Secondly, When the ſaid Glaſſes have their con- 
vex Sideg turned to the incident Rays, the Aberration of 
the Ray in the Plano-Convex is g of its Thick- 
neſs, and is leſs than the like Aberration of any Meniſcus 

in this Poſition. | EI 

35. Thirdly, That a double convex Glaſs, whoſe 
Radius of the firſt Surface, on which the Rays fall, is 
to that of the fecond Surface as 2 to 5, is juſt as good 
| 428 


Orrlies. 


the Mechaniſm whereof is as follows: A B 
E H is the large Tube or Body of the In- 
ſtrument, 


as the Plano-Convex in its beſt Poſition, the Error being 
in both & of their common Thicknels. % 

36. Fourthly, When the Radii of a Double Convex 

equal, the Aberration is 4 of the Thickneſs z and 
3 ſuch a Lens is not ſo good as a Plano-Convex 
of the ſame Thickneſs in its beſt Poſition. 

37. Fifthly, But if the Radius of the firſt Surface be 
to that of the ſecond as 1 to 6, it is then the beſt Glaſs 
of all, its Aberration then being the leaſt poſſible, viz. 
+5 of its Thickneſs. But if this beſt Glaſs be turned 
with its other Side to the Rays, the Aberration will be 


22, and therefore becomes much worſe than before. 


38. Sixthly, When a Plano-Concave has its plane Side 
turned towards parallel Rays, the Aberration of the ex- 
treme Ray is alſo ? of the Thickneſs ; and when inverted 
it is only z. In a Double Concave likewiſe, whoſe 


Radii of the firſt and ſecond Surfaces are as 1 to 6, thi 


Aberration is the leaſt poſſible, viz. 45, as above in the 
like Convex. | 
39. Hence the Glaſſes of common SpeRacles ought 
to have the Figure of the Convex in Art. 37. and thoſe 
Hand-Glaſſes which ſhort-ſighted People uſe ought to be 
ſuch Concaves as are laſt mention'd. | 

40. In all the abovementioned Glaſſes the ſame Aper- 
ture, Thickneſs, and focal Diſtance is ſuppoſed, and 
that they differ in nothing but the Figure ariſing from 
the various Magnitude and Poſition of their Radii re- 
ſpectively. But after all, ſince, as we have ſhewn, the 
Aberration cauſed by the Figure bears ſo ſmall a Propor- 
tion to that by the different Refrangibiliry of Rays, the 
Perfection of refracting Teleſcopes becomes perate, 
2 — only admit of Improvement by incre their 

ngth. | 

41. From hence long Teleſcopes became of common 
Uſe ; and fo great were the Improvements' of this Sort, 


that for viewing the celeſtial Bodies the Tube of the 
; Teleſcope 


amt As .ca Xo .o we x» 


UD 


A OF 


* 8 5 


Or rte. 


ſtrument, in which BE is a large reflecting 


Mirrour, with a Hole in the Middle C D. 
| This 


Teleſcope was thrown aſide, and a Method invented 


by Hugentas of managing them with much greater Eaſe, 
and of a greater Length. For he contrived to fix the 
Object-Glaſs upon the Top of a long upright Pole, and 


directed its Axis towards Object by means of a 
Silk-Line coming down from the Glaſs to the Eye-Glaſs 


below. In this Manner were Teleſcopes made to the 
Length of 123 Feet. | 0 | 

142. Theſe were called Aerial Teleſcopes, as being ufed 
without a Tube in a dark Night ; for the Uſe of a Tube 
is not only to direct the Glaſſes, but alſo to make the 
Part dark where the Images of Objects are formed 
for in Teleſcopes, as well as in the Camera Obſcura, we 
ought to have no other Light come to the 1. than 
what proceeds from the Pictures made of the Objects 


abroad. 


ſcopes are to be lengthened, fo that they ſhall magnif 
in any propoſed Degree with the ſame DiſtinQnel 

Brightneſs of the Object, we are to conſider, that the 
Indiſtinctneſs of Viſion conſiſts in this, that the ſenſible 
Image of a lucid Point in the Object is not a Point in the 
{mage, but a circular Area; and that two contiguous 


Points in the Object make two of thoſe Areas in the 


Image, whoſe Centres are contiguous; and therefore as 
thoſe two Areas are mixed almoſt entirely with each 
other, the Repreſentation of the ſaid two Points in the 


Object is not diſtinct but confuſed. _ 1 


44. And ſince this is the Caſe with reſpect to every 
other Point in the Object, 'tis evident there will be a 
Mixture of ſo many Points of an Object in every Point 
of the confuſed Picture, as there are Points in the Circle 
of Aberration ; ſince the Centre of any one Circle of 
Aberration will be covered by all other Circles of Aber- 
ration, whoſe Centres fall within the: Perimeter of the 
firſt mentioned Circle; or, in other Words, there will 


be ſuch a Number of Points in the Object mixed in 


Vox. III. F any 


43. In order to underſtand in what Proportion Tele- 


OrrTics. 

This Mirrour receives the Rays a c, bd, 
coming from the Object at a Diſtance, and 
reflects 


any one Point in the confuſed Image, as is proportional 


to the Area of the Circle of Aberration. 
45. Hence, ſince this confuſed Repreſentation of ſe- 


veral Points in one is impreſſed on the Retina by the 


Eye-Glaſs, and from thence conveyed to the Common 
Senſory, it appears that the Indiſtincineſs of an Object is 
as the Area of a Circle of Aberration in the Focus of a 
Teleſcope, or as the Square of its Diameter. 

46. To illuſtrate this Matter, let A be a given "Ong 
B C an Object-Glaſs of a Teleſcope, B C A a Penci 
of Rays 5 from the Point upon the Glaſs; each 
Ray, A B, A C, will be fo refracted through the Lens, 
as that the moſt refrangible Part of each will meet and 
interſect each otlier in the Point F in the Axis, the mean 
refrangible Part will go to c, and the leaſt refrangible 
Part will meet and interſect the moſt refrangible on 
each Side in the Points D and E; therefore D E will 
be the Diameter of the confuſed Image or Circle of 
Aberrations a D E, and c its Centre. ö 

47. Let H I be the Eye-Glaſs, and G its Centre; 
then will the Angle DG E be that under which the 
Circle of Aberrations is ſeen at the Eye-Glaſs, and con- 
ſequently at the Eye (as we have ſhewn already). But 
this Angle is as the dubtenſe D E directly, and as the 


Perpendicular G c inverſely, that is, D G E is as DE. 


Ge 
for it increaſes as D E increaſes while G c remains the 
ſame, and as G c decreaſes while D E is conſtant; 
wherefore, ſince D E is always as the Angle DG E, 
we have DE : = and ſo DE: 7 But D E* 
is as the Area of the Circle of Aberration, and there- 
fore as the Indiſtinctneſs of Viſion ; conſequently, the 
5815 Indiſtinctneſs of a given Object will be as 


Go 


tt 


{c 


Orrres. 
reflects them converging to its Focus e, 
where they croſs each other, and form the 
inverted 


48. Therefore the DiſtinAneſs of Viſion will be as 


LEP or, becauſe DE = 3, C B the Diameter of the 
Aperture of the Object-Glaſs, therefore D Ex will be 
as CB; and fo the Diſtinctneſs of a given Object will 
— — that is, as the Square of the facal 
Diflance of the Eye-Glafs direftly, and as the Square e 
100 Bion, or Area of the Aberture imverſely. 4 
49. If then in any one refracting Teleſcope the Diſ- 


always be as 


tinctneſs of an Object be repreſented by ST and in 


any other Teleſcope of the ſame Sort by — then if 


N | : 
— © geb we have BC: x Gf = BC x Geo» or 
x Gc = BC» Gc; and therefore B C 6, 
c; that is, two refracting Teleſcopes ſhew an Ob . 


| 


B C 
BC 
G c 


ject equally diſtinct, when the Diameters of the Apertures 


of the Object-Glaſſes are as the focal Diſtances of the Eye- 
Glaſſes. F 
50. In reflecting Teleſcopes the Diameter of the Circle 


of Aberrations was P Q = = 55 (ſuppoſing 92 


444 | 
2 a = Diameter of the Sphere; ſee Article 24.) whence 


6 3 
PO = 5. Let F = focal Diſtance of the Eye-Glaſs, 


then the Indiſtinctneſs of Viſion will be as (An, 


6 
ticle $73 5 


Fi. Therefore if the ſame Parts in another Tele- 


ſcope of this Sort be repreſented by — = = 


Orrilies. 


inverted Image I M. x y is a ſmall concave 
' Mirrour, whoſe Focus is at f, at a ſmal 


Diſtance 
Di F: 
and ſince the Diſtinctneſs in each will be as 2 and 
5 


DF 


; then if we ſuppoſe the Object ſeen equally diſ- 

tinct in both, we ſhall have D*F* X y* “ F x 5, 

3 3 

er D*Fy = D* Fz*. Hence F Fug. : 5 that 
is, Reflecting Teleſcopes ſhew an Object equally diſtinct, 
when the focal Diſtances f the Eye-Glaſſes are as the 
Cubes of the Diameters of the large Specula or Object Me- 
tals, divided by the Square of the Diameter of the Spheres , 
to which they are ground, or by the Square of the focal Diſ- 
tance of the Metals | 33 

52. In any Teleſcope, or Double Microſcope, the 

Brightneſs of a given Image will be as the Quantity of 
Light by which it is ſhewn; that is, as the Area of the 
Aperture of the Object-Glaſs, or as the Square of the 
Diameter. | 
53. Alfo, if the Area of the Aperture of an Object- 
Glaſs be given, the Brightneſs of the Image will be 
inverſely as its Area, or Square of its Diameter or 
Breadth : For the leſs the Area of the Picture is, the 
| roroy will be its Brightneſs by the ſame Quantity of 

ight. P 

| : Therefore when neither the Apertures of the 
Glaſſes, nor the Amplifications of the Picture are given, 
or the ſame, the Brightneſs is as the Square of the 
Diameter of the Apertures directly, and the Square of 
the linear Dimenſions of the Pictures inverſely. 

*55. Hence in all Sorts of Teleſcopes a given Object 
appears equally bright, when the Diameters of the 
Apertures are as the linear Dimenſions of the Pictures: 
But the Picture is larger as the focal Diſtances of the 
Objet-Glaſles is fo, and alſo as the focal Diſtance of 
the Eye-Glaſs is leis ; therefore the linear Dimenſions of 
Pictures are as the tocal Diſtances of the Object-Glaſſes 

9 directly, 


OPyTics. 


f Diſtance from the Image. By this Means 
the Rays coming from the Images are re- 


- flected 
directly, and as the focal Diſtances of the Eye-Glaſſes 
l inverſely. Let theſe be repreſented by F and F, and 
f, f, in any two Teleſcopes ; let D, d be the Diame. 
- ters of the Apertures, and L, „) the linear Dimenſion _ 
, of the Pictures; then we have D: 4:: L 7 f ; > 
t when Objects appear equaily bright in both. 
56. Hence, ſince the 9 of a Picture o 
5 2 | 
'e Image is as F- ( Art. 54.) = F becauſe L = * 
„by we laſt) therefore if D or f be each increaſed in any 
2 Ratio, the Diſtinctneſs will remain the ſame as before, 
(by Art. 49.) and the linear Dimenſions of the Image 
a will be diminiſhed in the ſame Ratio, (ſince L is inverſe- 
of ly as f) but the Brightneſs of the Image will be increaſed 
" in the quadruplicate Ratio of what it had before. For, 
* 57. Suppoſe F or the focal Length of the Levee 
given, them the Brightneſs of the Picture will be M this 
A. Caſe as D* f ; and if D and f be increaſed each in the 
* Ratio of 1 to n, then will the Brightneſs be in this 
wu Caſe as m* D*ffm = D* ff nm; ſo that the former 
85 Brightneſs is to this as D* ff to D* f* n, that is, as 1 
of WM to +; which Ratio is quadruplicate of the Ratio 1 
to n. 
M 58. Becauſe we had D: - or Df: F, when Objects 
he appear equally bright, (by Art. $5.) and when they are 
of ſhewn equally diftint we had D : f (by Art 49.); 
therefore in reſtacting Teleſcopes of various Lengths, 
A that Objects may appear equally bright, and equally 
he diſtinct, it is requiſite that D*: F, and f-: F, or that 


5 D:f:s/ F; that by the Diameter of the Aperture and 
85 alfo the focal Length of the Eye-Glaſs ſhould each be as 
0 


the Square Root of the focal Diſlance or Length of the 
of Teleſcope, 7 / * 1 
ly, a | | 


— = = - — —-— — 4, E — _ 
— — —ͤ— ' i— oe ion on . ——— — ů — — 
n = - — — a — — — — * 
— — - — + 4 5 - 3 — —— * —_ — 
__ I —— — 4 K 5 
5 s — 
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flected back through the central Hole CD 
of the large Mirrour, where they fall on 
the 


59. In this Caſe likewiſe the linear Dimenſions of the 
Pifture or Image are in the ſame ſubduplicate Ratio of the 
Length of the Teleſcope ; becaule, as was ſhewn, (Art. 55.) 
the linear Dimenſions are directly as the Diameter of the 
Aperture, which is here ſhewn to be as the Square Root 
of the Length of the Teleſcope. 

60. In reflecting 2 when the DiſtinAneſs 


is given, we have F: 5: Di and therefore y* ; D* F. (See 


Article 51.) Alſo when the Brightneſs is given we have y: 


(Art. 55.) therefore F: — Hence, when the Diſ- 
3 and Brightneſs are both given, we bave Y: 
D3 
(D*'F) : — or “: D, or y: Dz, Z 


F 


* RN I Dimenſions of the Picture ” were 
AS "3 that is in this * Wl : D, and therefore D: 


FD2 ; whence F: pr D. n in reflecting Tele- 


copes of different Lengths a given Object will 7 
a Ae and bright, when the Diamthers of the 
Objett-Metals are as the Biguadrate Roots of the Cubes of 
the Diameters of the Spheres or focal Lengths of the Spe- 
cula; or, when the focal Diſtance Y the Eye-Glaſſes are 
as the Biquadrate Root of the focal — the Specula, 
62. According to the Theorems in Art. 48, 40, Hu- 
GEN1Us calculated a Table of the linear Aperture of the 
Objed-Glaſs, the focal Diſtance of the Eye-Glaſs, and 
the linear Amplification or magnifying Power of 5 
Teleſcope from one which he found by Experience 
conſtructed in the beſt Manner. I have reduced his 


- Rhinland Meaſures to Engliſh Feet, Inches, and Deci- 
1 al Parts, as follows, 9 * 


Focal 


OyrrTics. 
) the plano-convex Lens W X, and are by 


ſecond 


it converged to a Focus, and there form a 


2 Focal | Linear A-) Facal mp 6 | 
* Diſtance perture of Diſtance of | Magnify- 
) 35 the the Objeci- the Eye- ing Pow- 
Ce bject- Glaſs. Glaſs. er. | 
It | Ga = | op 9 
s Feet. | Inch Dec. | Inch Dec. = 
I 0,545 0,605 20 ö 
7 2 | 0,76 | 0,84 27,6 
: 3 0,94 1,04 335 . 
4 1,08 | 1,18 _ 
- 4 5 1,21 l 1,33 44 
6 1,32 5 1545 49 | 
7 | 143 | "158. | +53 |. 
8 | 153 1,6 55 
0:9 108 1,7 59 
1,71 | 1,88 = | 
0 | 2,10 2,30 7 
2543 2,68 88 4+ 
23:0 3,28 | 108 
343 357 125 
— | 3584 420 140 
4420 400 152 
4 4555 7 5,00 164 
by 4583 5535 176 
if 515 | 5565 | 187 
my 5140 - 5595 197 
F 5,99 | 6,52 | 216 


2 


63. Since it has been ſhewn that the Errors ariſing 


quence the Indiſtinctneſs of Viſion by refracting Tele- 
ſcopes is ſo very great, a Queſtion may be put, Hoy it 
comes to paſs ObjeQs appear through ſuch Teleſcopes ſa ' 
diſtinct as they do? To which it may be anſwer d, Tis 
becauſe the erratic Rays are not uniformly ſcatter'd over 
> F 4 0 all 


from the different Refrangibility of Rays, and of Conſe- 


7· 


72 


Orrlices. 


ſecond Image RS, very large and ere, 


which is viewed by a Meniſcus Eye-Glaſs 
„ 1 


all the Area of the Circle of Aberration, but collected 
infinitely more denſely in the Centre than in any other 
Part of that circular Space, growing rarer and rarer to- 
wards the Circumference, where, in Compariſon, they 
are infinitely rare, and affect not the Senſe any where 


but in the Centre, and very near it, on that Account. 


64. Tis farther to be obſerved, that the moſt lumi- 
nous of all the Priſmatic Colours are the Yellow and 
the Orange. Theſe affect the Senſes more ſtrongly than 
all the reſt put together; and next to theſe in Strength 
are the Red and Green. The Blue compared with 


' theſe is a faint and dark Colour, and the Indigo and 


Violet are much darker and fainter ; ſo that theſe, com- 


pared with 'the ſtronger Colours, are little to be re- 
garded, 


65. The Images of Objects are therefore to be placed 


not in the Focus of the mean refrangible Rays, which 


are in the. Confine of Green and Blue, but in the Focus 
of thoſe Rays which are in the Middle'of the Orange 
and Yellow, there where the Colour is moſt luminous 
and fulgent; that is, the brighteſt Yellow, that Yellow 
which inclines more to Orange than to Green. 

66. Now it has been 'thewn (Annot. CXVIII. 9.) 
that the Diameter of the Circle in which both thoſe 
Colours will be contained is but the 260th Part of the 
Diameter of the Aperture of the Object-Glaſs; and 
farther, about + of the brighter Halves of the Red and 
Green (on each Side) will fall within this Circle, and 
the remaining + without it, which will be ſpread over 
twice the Space nearly, and therefore become muth 
rarer. Of the other Half of the Red and Green, about 
one Quarter will fall within this Circle, and 3 without, 


and be ſpread through four or five times the Space, and 


therefore become much rarer. Alſo this extreme Red 
and Green is much rarer and darker than the other 


Parts of the ſame Colours ; and the Blue and Violet 


being 


OrrTi1Ics. 


Y by the Eye at P, through a very ſmall 
Hole in the End of the Eye-Piece Y C D Z. 
Ir 


being much darker Colours than theſe, and more rarified, 
may be quite neglectet. | 

67. Hence the ſenſible confuſed Image of a lucid 
Point is ſcarce broader than a Circle whole Diameter is 
the 260th Part of that of the Aperture of the Glaſs, 
if we except the dark miſty Light round about, which 
we ſcarce regard. And therefore in a Teleſcope whoſe 


Aperture is 4 Inches, and Length 100 Feet, it exceeds 


not 21“ or 3“ and in a Teleſcope whoſe Aperture is 
2 Inches, and Length 20 or 30 Feet, it may be about 
or 6”, and ſcarce above. And this anſwers well to 
xperience ; for it is obſervable that in Teleſcopes of 
20 or 30 Feet long, the Diameters of the fixed Stars 


appear to be about 5” or 6”, or at moſt not more than 


8” or 10%. 

68. Now ſuppoſe the ſenſible Image of a lucid 
Point to be even a 250th Part of the Diameter of the 
Aperture of the Glaſs, yet will this be much greater 
than if it were only from the ſpherical Figure of the 
Glaſs, viz. (in an 100 Foot Teleſcope) in the Ratio of 

4 gb1 
250 72000000 
Therefore the Image of a lucid Point would ſtill be a 
Point, but for the various Refrangibility of the Rays ; 
and this alone is the invincible Obſtacle to perfect Viton 
by any refracting Inſtruments, 


» or of 1200 to 1, (See Art. 20, 21.) 


73 


69. The magnifying Power of a refracting Teleſcope Plate 
is thus eſtimated. Let A B be the Object-Glaſs, and XLV [T, 
CD the Eye-Glaſs; and let HFI and G F M be two Fig. 6. 


Rays coming from the extreme Parts of a diſtant Ob- 
ject, and croſſing each other in the Centre F of the 
Glaſs A B, Then is the Angle GF M = IL F M chat 
under which the Object appears to the naked Eye; but 
IEM = CK D is that under which the Image appears 
as magnified by the Eye-Glaſs C D. But the Angle 
IE Mis to the Angle LF Mas L F to L E, or as the 

| fecal 


— ——— 


Plate 
XLVII. 


Fig. 7. 


Op rIos. 


Ir the firſt Lens W X were taken away, 
the Image would be formed ſomewhat larger 
at 


focal Diſtance of the Obje&-Glaſs to the focal Diſtance of 


the Eye-Glaſs; and in that Proportion is the Object 
magnified, as was obſerved betore in Art. 55, 

The magnifying Power of a reflecting Teleſcope 
is thus computed. The parallel Rays K B and L E are 
reflected by the large Object-Metal A F to its Focus a, 
where the Image 1 M 1s formed; which Image is de- 
fined by two other Rays NQ, P, coming from the 
extreme Parts of the Object at a remote Diſtance, and 
meeting in the Centre of the large Speculum at Q; for 
it has been ſhewn that the Object and its mage both 
appear under the ſame Anglg from the Vertex of the 
Mirrour. (Annot. CX XV.) | 

71. Now if f be the Focus of the ſmall Mirrour 
G , ſuppoſing the Image were formed in the ſaid Fo- 
cus f, (that is, that both the Foci a and f were coin— 
cident) then the Rays proceeding from the mage I M 
will proceed parallel after Reflection, and produce diſ- 
tinct Viſion of the Image, which will then ſubtend an 
Angle I O M at the Centre O of the Speculum G H; 
which is to the Angle I Q M, under which the Ob. 
je& appears to the naked Eye, asaQ toa O or O. 
So that the magnifying Power would in this Caſe be as 
20 | 

70 

72. But to increaſe this magnifying Power, the 
Image I M is not placed in the Focus of the ſmall Spe- 
culum, but at a ſmall Diſtance beyond it; by which 
means the Rays coming from the Image to the Speculum 
G H will be reflected converging to a diſtant Focus R, 
where a ſecondary large Image I M is formed from the 
firſt Image IM; which Image J MA is ſeen under the 
ſame Angle 1 O MH with the former from the Centre of the 
Speculum G H, but from the Centre of the Eye-Glaſs 
T V it is ſeen under the large Angle 18 MH. But the 
Angle 18 A is to the Angle 10 M as OR to SR; 


whereſore 


ö ö an cur 
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Or rie. 


at Mg; but the Area, or Scope, would be 
leſs, - and therefore the View not ſo pleaſant. 
At 


- 


wherefore the ſecond Ratio or Part of the magni- 

ing Power is that of 4 
fying Power 1s that o FK 

73. Conſequently, the whole magnifying Power of 
as Teleſcope x (becauſe in this Caſe 70 
becomes a 0). Or, in other Words, the Angle NQ, 
under which the Object appears to the naked Eye, is 
to the Angle 18 M, under which the large magnified 
ſecondary Image 1 V appears to the Eye through the 
Eye-Glais, as x —— Such is the Theory of the 
Teleſcope firſt contrived by Dr. J. Gregorie, and there- 
fore call'd the Gregorian oe, oh but it received its I ſt 
Improvement from the late Mr. Hadley, and is now in 
common Uſe, | 

74. A ſmall Alteration was made in the Structure of 
this "Teleſcope by Mr. Caſſegrain, viz. in uſing a con- 
vex Speculum GH, inſtead of the concave one G H. 
Now if they are equally ſpherical, that is, if they are 
Segments of the ſame Sphere, then will F be alſo the 
virtual Focus of the Convex H; and if all other 
Things remain the ſame, the firſt Image I M will be 
virtually the ſame as before, and the laſt Image 7 17 
will be really the ſame; ſo that the magnifying Power 
aQxOR which i 
ORE OTE 


of this Form of the Teleſcope 1s 


equal to that of Gregorie's Form. 

75. And ſince to ſhew this, is a curious Propoſition, 
I shall give the following eaſy Demonſtration thereof. 
Let HD be a concave Speculum, and E C a convex 
one, both deferibed with the ſame Radius C D, on the 
common Axis BCD: The Point N, biſecting the Ra- 
dius CD, will be the Solar Focus to each Speculum. 


Let F be a radiant Point, from whence a Ray F H is 


Aj incident 


75 


Pl. XL, 
Fig. 8. 


Op ries. 


At TV is placed a circular Piece of Braſs, 
with a Hole of a proper Size to circum- 


ſcribe 


incident upon the concave Mirrour in H, or to which 
the Ray K E incident upon the convex Mirrour tends; 
both thoſe Rays will be reflected to the ſame Point B in 
the Axis, 3 in the ſame Line E B. Laſtly, let G F 
be an Object; the Imrge thereof ab formed by the 
Concave is equal to the Image A B made by the Con- 


dr 


2 dXr 


vex. This is evident from the Theorems 


=f, and — 7 f, thoſe Specula reſpectively. 


76. For as d=F C, C B=f in the Convex; fo 
in the Concave let F D=D, and D BSC; and then 
we have in the former, d:f::2d4+r:r, and in the lat- 


ter, D: F:: r-2D:r. But D=d+r, therefore 


Plate 
XLVII. 


Fig. 9. 


2 D =2d+2r; whence r —=2 D Sg 2A + r, conſe- 
quently 4: /:: D: F; that is, CF: C B:: DF: DB. 
But the Object and Image are to each other in the ſame 
Ratio in either Glaſs, and therefore ſince the Object 
is the ſame in both, the Image will be ſo likewiſe, or 
AB=ab. 

77. Sir Iſaac Newton ordered this Teleſcope to be 
made in a different Form or Manner, as follows. A B 
CD was a large octogonal Tube or Caſe; EF a large 
poliſhed Speculum, whoſe Focus is at o; GH a plane 
Speculum truly concenter'd, and fixed at half a Right 
Angle with the Axis of the large .one. Then parallel 
Rays a E, bF, incident on the large Speculum E F, 
inſtead of being reflected to the Focus o, were inter- 
cepted by the ſmall plane Speculum G H, and by it re- 
flected towards a Hole cd in the Side of the Tube, 
croſſing each other in the Point O, which is now the 
true focal Point; and from thence they proceed to an 
Eye-Glaſs e f placed in that Hole, whole focal Diſ- 
tance is very ſmall, and thereſore the Power of magni- 
fying may be very great in this Form of the Teleſcope ; 
becauſe the Image I M is made by * Reflection, 3 

5 | that 


OrrTics. 


ſcribe the Image, and cut off all ſuperfluous 
or extraneous Rays, that ſo the 'ObjeA may 
appear as diſtin as poſſible. 

As the Image is formed by Reflection, 
the Rays of every Sort will be united 
nearly in one Point, and will therefore ad- 
mit of an Eye-Glaſs V Z of a deep Charge, 
or ſmall focal Diſtance; and ſo the Power 
of magnifying will be proportionally great- 
er; for it will be in a Proportion com- 


pounded of X and = if only one Eye- 


Glaſs V 2 be uſed. Thus, in Numbers, 
ſuppoſe Qe = 12 Inches, eG = 3,5; Gk 


= 18, and It 1 then will — . — 
. 
216 


that of the plane Speculum only alters the Courſe of the 
Rays, and adds nothing to the Confuſion of the Image) 
and will for that Reaſon bear being view'd by a Gf 
of a very deep Charge, in compariſon of an Image 
form'd by differently refrangible Rays. 

78, This Teleſcope is a very good one, as to its Ef- 
fect or Performance, but is not ſo commodious for 
common Uſe as thoſe of the Gregorian Form, and is 
therefore now pretty much laid aſide. They who would 
ſee a larger Account hereof may conſult Sir 1ſaac's Op- 
tics, and ſeveral Philoſophical Tranſactions, where he de- 
ſcribes it at large, and the Reaſons which induced him 
to make choice of this Structure rather than that of 
Dr. Gregorie : Or ſee a compendious Account of the 
OY in the laſt Edition of Dr. Gregorie's Element; of 

pics, 


Or TIes. 


216 


4 61071 nearly ; ; whence by ſuch a 


35 
Teleſcope the Length of an Object will be 


magnified 50 times, the Surface 2500 times, 
and the Solidity 125000 times; yet the Te- 
leſcope not above 20 Inches long; an 
Effect equal to that of a refracting Tele- 
ſcope 16 Feet in Length. 

As to the Camera Obſcura, and Magic 


Lanthorn, they both perform their Effects 
by a ſingle Lens; the former being only 


the Objet- -Glaſs of a long Teleſcope ap- 


plied in a Scioptric Ball to the Hole of a 
Window-Shutter in a darken'd Room ; 
which gives a lively Picture of all the Ob- 
jets which lie before it, in true Perſpec- 
tive, but in an inveried Poſition, on a white 


Sheet or Plane held at the focal Diſtance 


of the ſaid Glaſs: And on the other hand, 
the Magic Lanthorn 1s only a large convex 
Lens, with a ſhort focal Diſtance, which 
by being placed at a proper Diſtance 
from ſmall tranſparent-colour'd Pictures or 
Figures, forms a large and furprizing 
Image thereof at a great Diſtance; in 
order to which, it is neceſſary to . 
minate them very ſtrongly with the 
Light of the Candle thrown on them by 

another 


Or rices. 


another very large and very convex Lens 
(Cxx IX.). 
The 


(CXXIX) 1. The CAuRERA OsscuRa, or Darken'd 

oom, is made after two difterent Methods; one is the 
Ke. Camera or Darken'd Chamber at- large, and 
properly ſo call'd ; that is any large Room or Chamber 
made as dark as poſſible, ſo as to exclude all light but 
that which is to paſs through the Hole and Lens in the 
Ball fixed in the Window of the ſaid Room. 

2. The other is in ſmall, and made in various Wa 
as that of a Box, a Book whoſe 1:des fold out, &c. for 
the Conveniency of carrying it from Place to Place, for 
taking an Optic View in 'icture of any propoſed Place 
or Part of the Country, Town, &c. and hence it is 
call'd the Portable Camera Obſcura. 

The following Particulars are to be attended to in 
this Philoſophical Contrivance. Firſt, That the Lens 
be extremely good, or free from any Veins, Blebs, &c. 
which may diſtort and blemiſh the Picture. 

4. Secondly, "That the Lens be always placed directly 
againſt the Object whoſe Picture you would have per- 
fectly form'd to contemplate ; for if the Glaſs has an 
other Poſition to the Object, the Image will be very im- 
perfect, indiſtinct, and confuſed. 

5. Thirdly, Care ought to be taken, that the Ball be 
ſuthciently large, and the Frame in which it is placed 
not too thick, that ſo there may be ſufficient Room for 
turning the Ball every Way, to take in as many Ob- 
jects as poſſible, and to rencer the Uſe thereof moſt 
compleat. | 

6. Fourthly, The Lens ought to be of a juſt Magni- 
tude or Aperture; for if it be too ſmall, the Image will 
be obſcure, and the minute Parts not viſible at a Diſ- 
tance for want of requiſite Light. On the other hand, 
if the Aperture be too large, the Image will be confuſed, 
and become indiſtin& by too much Light, 

7. Therefore, Fifthly, if by Experience I find that 
an Aperture of 2 Inches Diameter is beſt for a Lens of 
6 Feet focal Diſtance, I know (from what has been 
ſaid in the laſt Annotation) that the Diameter of any 


other 


79 


80 


Orrrces. 


Tux Solar Microſcope is of the ſame Kind 
with the Magic Lanthorn; only here the 
1 Objects 


other Lens of a different focal Diſtance ought to be in 
the ſubduplicate Ratio of 6 to the ſaid focal Diſtance, 


that the Odject, or its Image rather, may be equally 


bright and diſtinct in both. 

. Sixthly, We ought not to attempt to exhibit a Pic- 
ture of Objects in a dark Room, unleſs the Sun ſhines 
upon of ſtrongly illuminates the Objects; for mere Day- 
light is not ſufficient for this Purpoſe, the greateſt Beauty 
in this Phænomenon being the exquiſite Appearance and 
Contraſt of Light and Shadows, none of which can ap- / 
pear but from an Object placed in the Sun-Beams ; 
without which every thing looks dark and dull, and 
makes a diſagreeable Figure. 

9. Therefore, Seventhly, the Window, or that Side 
of the Room where the Scioptric Ball is uſed, ought to 
look towards that Quarter directly upon which the Sun 
ſhines, that ſo the illuminated Sides of Objects may pre- 
ſent themſelves to the Lens, and appear more glorious 
in the Picture. | | 

10. Eighthly, Hence it is eaſy toinfer, that the beſt 
Time of the Day for this Experiment is about Noon, 
becauſe the Sun-Beams are then ſtrongeſt, and of courſe 
the Picture moſt luminous and diſtin : Alſo that a 
North Window is the belt ; though or viewing the 
Shadows in greateſt Perfection, an Eaſt or Weſt Win- 
dow will anſwer the end beſt, 

11. Ninthly, As the Image is formed only by the re- 
flected Rays of the Sun, ſo due Care ſhould be taken 
that none of the Sun's direct Rays fall on the Lens in 
the Window ; for if they do, they will, by mixing with 
the former, greatly- diſturb the Picture, and render it 
very confuſed and unpleaſant to view. 

12. Tenthly, As white Bodies reflect the incident Rays 
moſt copiouſly, and black ones abſorb them moſt ; ſo to 
make the Picture moſt perfect, it ought to be received 
upon a very white Surface, as Paper, a painted Cloth, 
Wall, &c. bordered round with Black, that ſo the 
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Or rfices. 


Obje as are very ſmall, and ſtrongly en- 
lighten'd by the Sun through a concave 
Lens ; 


collateral Rays which come from on each Side the. Ob- 
ject may be ifled, and not ſuffered to diſturb the Pics 
ture by Reflection. 

13. Theſe are the neceſſary Precautions for the due 
ordering of the various Circumſtances of this Experi- 
ment. I ſhall now enumerate the ſeveral principal Phæ- 
nomena of the Dark Chamber. The Firſt of which is, 
that an exact and every-way ſimilar Image is formed of 
an external Object; for Pencils of Rays coming from 
all Points of the Obje& will repreſent thoſe Points in 
ſuch a Manner and Poſition as will be very proportional 
and correſpondent to their reſpective Politions and Diſ- 
tances in the Object, ſo that the Whole in the Image 
ſhall bear an exact Similitude or Likeneſs of the Object 
in every Reſpect. 

14. The Second Phenomenon is, that the Image will 
bear the ſame Proportion to the Object, whether a Line, 
Superficies, or Solid, as their Diſtances from the Glaſs 
reſpectively: This is evident from what has been ſaid 
relating to the Effect of a convex Lens. Hence the 
larger the focal Diſtance of the Glaſs, the more ample 
will be the Picture of the ſame Object, but the leſs 
py be the Space or Compals of the Flan or perſpective 

ew, 

15. The Third Phænomenon is, that the Image or 
Picture of the Object is inverted ; and this is not the 
Effect of the Glaſs, but the croſſing of the Rays in the 
Hole through which they paſs into the Room; for if ⁊ 
very ſmall Hole were made in the Window-Shutter of a, 
darken'd Room, the Objects without would be all ſeen 
inverted, thoſe which come from the upper Part of the 
Object going to the lower Part of the Image, and vice 
verſa. All * the Glaſs does is to render the Image 
liſtinct, by converging the Rays of every Pencil to their 
roper Focus in the Picture, the Poſition of each Point 
deing the ſame as before. 

Vol. Ll, G | 16. The 


OrrTics. 


Lens they are alſo magnified by a ſmall 
Lens of a very ſhort Focal Diſtance, that 
the 


16. The Fourth Phenomenon is the Motion or Reſt 


of the ſeveral Parts of the Picture, according as thoſe 


of the Object are in either State. The Reaſon of this 
is very obvious; and this it is that gives Life and Spi- 
rit to the Painting and Portraits of Nature, and is the 
only Particular inimitable by Art. And indeed a more 
critical Idea may be formed of any Movement in the 
Picture of a darken'd Room, than from obſerving the 
Motion of the Object itſelf. For Inſtance, a Man 
walking in a Picture appears to have an undulating 


Motion, or to riſe up and down every Step he takes; 


whereas Nothing of this Kind is obſerved in the Man 
himſelf, as viewed by the bare Eye. 

I 7 The Fifth Phenomenon is the Colouring of the Op- 
tic Picture. Every Piece of Imagery has its proper Tints 
and Colours, and thoſe always heighten'd and render'd 
more intenſe than in the Object; ſo that in this Reſpect 
it is an Improvement of Nature itſelf, whereas the Art 
of the greateſt Maſter can only pretend to a diſtant Re- 
ſemblance and faint Imitation. The Reaſon why the 
Image is coloured is becauſe the ſeveral Points of the 


Object reflecting ſeveral Sorts of colour'd Rays to the 


Glaſs, thoſe Rays will give a Repreſentation of thoſe 


ſeveral Points reſpectively, and in their own Colaur, 
and therefure in thoſe of the Object; but thoſe Colours 
will be heighten'd, becauſe they are crouded into a leſs 
Space. | 

18. The Sixth Phenomenon is the Claro Oſcuro, as 
the Italiaus call it; that is, the Intenſity of Light and 
Shadow in the Picture: And this, as well as the Co- 
louring, 1s greatly heighten'd above what it is in the 
Object, by reaſon of the leſſer Area of the Picture. 
Here every Light and every Shade is expreſs'd in its 
proper Degree, from the moſt brilliant in the one, to 
the moſt jetty black of the other, incluſive of a won- 
derful Variety in the ſeveral Parts, ariſing from the dif- 
ferent Situations of the ſeveral Parts of the Object, 
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the Images may be thrown large and diſ- 
tinctly on the oppoſite Wall of a darken'd 
| Ix 2 Room: 


and the different Angles of Reflection. A juſt Imita- 
tion of Nature in the Diftribution of Light and Sha- 
dows is perhaps the moſt difficult Part of the Art of 
Painting, and on-which its greateſt Perfection depends. 

19. The Seventh Phenimenon is the Optical Perſpec- 
tive, or Projection of the Image, which is not i Plano, 
or on a Plane, as in common Perſpective, but on a Sur- 
face deſcribed by the Revolution of a Conic Section about 
its Axis, as is evident from what was obſerved in Annot. 
CXXV. Therefore, though in general a plane Sur- 
face is made uſe of, and may do very well in large Re- 
preſentations, yet in ſmaller ones, as thoſe of the Port- 
able Camera's, it is neceſſary to have the Image or Pic- 
ture compleat, or every where well defined, that it be 
received upon the Surface of an Elliptic Figure, and 
ſuch as is ſuited to the middle Diſtance of the Objects. 
But this is a Nicety which few will think worth regard- 
ing, who do not aim at a very great Accuracy indeed in 
what they do. „ 

20. I ſhall finiſh this Subject with an Obſervation 
that may be uſeful to Perſons concerned in Drawing, 
and that is, That if an Object he placed juſt twice the 
foeal Diſtance from the Glaſs without, the Image will be 
formed at the ſame Diftanes from the Glaſs within the 
Rem, and conſequentiywill be equa! in Magnitude to the 
Object itſelf. The Truth of this is demonſtrated in 
Annot. CXXV. oa wt +: | 

21. Although every Thing that has been ſaid of the 
Camera Olſcura is plain enough in itſelf to be under- 
ſtood, yet as a Repreſentation thereof may. facilitate the 
Idea, I have here given a Diagram for that Purpoſe; Plate 
where AB CD is the Proſpect of a Houſe, Trees, &c. XLIX. 
E F a darken'd Room, or Camera Obſcura ; on one Side Fig. x, 
is the Picture G H of che fad View inverted,” formed 
by a convex Lens in the Ball fixed before a Hole in the 
other Side I K at V. All which is fo eaſy that nothing 
more remains to be ſaid — explain it. 8 

2 a 


Op res. 


Room: Which, if well perform'd, is one 
of the moſt exquiſitely curious and moft 
delightfully ſurpriſing Effects that can be j 
produced by any Optical Inſtrument what- | 
ſoever. (CXXX.) | 


t 
b 
(CXXX.) 1. The SoLar TELESCOPE and SOLAR i 
Microscops, as roy ought to make a Part of the p 

Amuſement of every Virtuoſo and Gentleman, fo they 
deſerve a particular Account, and the ſeveral Ways in tl 
which they are 'uſed merit a particular Deſcription, [ 
which 1 ſhall illuſtrate by a Draught of each. tl 
2. The SOLAR TELESCOPE is applied to Uſe in the 0 
following Manner. A B repreſents a Part of the Win- r: 

Plate dow- Shutter of a darken'd Room, C D the Frame, 
XLIX. which (by means of a Screw) contains the Scioptric ol 
Fig. 2. Ball E F, placed in a Hole of the ſaid Shutter adapted ſt 
to its Size, This Ball is perforated with a Hole a ö c d fi 
through the Middle; on the Side 6 c is ſcrew'd into the th 
ſaid Hole a Piece of Wood, and in that is ſcrew'd the re 
End of a common refracting Teleſcope G HI K, with E 
its Objet-Glaſs G H, and one Eye-Glaſs at I K; and ra 
the Tube is drawn out to ſuch a Length, as that the hi 

Focus of each Glaſs- may fall near the ſame Point. 

23. This being done, the Teleſcope and Ball are be 
moved about in ſuch manner as to receive the Sun- a 
Beams perpendicularly on the Lens G H, through the of 
cylindric Hole of the Ball ; by this Glaſs they will be th 
collected all in one circular Spot , which is the Image R: 
of the Sun. The Lens I K is to be moved nearer to or G, 
| farther from the ſaid Image n, as the Diſtance at which an 
the ſecondary Image of the Sun is to be formed requires, an 
which is done by ſliding the Tube IK LM backwards I fin 
and forwards in the Tube LMN O. Then of the po 
firſt Image of the Sun m will be formed a ſecond Image me 


PQ, very large, luminous, and diſtinct. hat 
4. In this Manner the Sun's Face is view'd at any the 
time without Offence to weak Eyes; and whatever wit 


Changes happen therein may be duly obſerved.. The 
Spots (which make fo rare an Appearance to the naked P/ 


Eye, or through a ſmall Teleſcope in the common Way) dar 


are 


— 
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are here all of them conſpicuous, and eaſy to be ob- 
ſerved under all their Circumſtances of Beginning to 
appear, Increaſe, Diviſion of one into many, the unit- 
ing of many into one, the Magnitude, Decreaſe, Abo- 
lition, Diſappearance behind the Sun's Diſk, &c. 

5. By the Solar Teleſcope we alſo view an Eclipſe of 
the Sun to the beſt Advantage, as having it in our Power 
by this means to repreſent the Sun's Face or Diſk as 
large as we pleaſe, and conſequently the Eclipſe pro- 
13 conſpicuous. Alſo the Circle of the Sun's 

iſk may be ſo divided by Lines and Circles drawn 
thereon, that the Quantity of the Eclipſe eſtimated in 
Digits may this way be moſt exactly determined: Alſo 
the Moments of the Beginning, Middle, and End there- 
of, for finding the Longitude of the Place: With ſeve- 
ral other Things relating thereto. 

6. The Tranſits of Mercury and Venus over the Face 
of the Sun are exhibited moſt delightfully by this In- 
ſtrument. They will here appear truly round, well de- 
fined, and very black; their comparative Diameters to 
that of the Sun may this way be obſerved, the Di- 
rection of their Motion, the Times of the Ingreſs and 
Egreſs, with other Particulars for determining the Pa- 
rallax and Diſtance of the Sun more nicely than has 
hitherto been done. 1 5 

7. By the Solar Teleſcope you ſee the Clouds moſt 
beautifully paſs before the Face of the Sun, exhibiting 
a curious Spectacle according to their various Degrees 
of Rarity and Denſity. But the beautiful Colours of 
the Clouds ſurrounding the Sun, and refracting his 
Rays, are beſt ſeen in the Picture made by the Camera- 
Glaſs. The fine Azure of the Sky, the intenſely ſtrong 
and various Dyes of the Margins of Clouds, the Halo“ 
and Corona's, are this way inimitably expreſs'd. And 
ſince the Priſmatic Colours of Clouds, fo variouſly com- 
pounded here, make ſo noble and delightful a Phæno- 
menon, I have often wonder'd to ſee no more Regard 
had thereto by Painters, 'whoſe Clouds (though near 
the Sun) are ſeldom or never ſeen tinged or variegated 
with thoſe natural Tints and Colours. a 

8. I cannot here omit to mention a very unuſual 
Phænom gen that I obſerved about ten Years ago in my 
darken'd Room. The Window looked towards the 
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Welt, and the Spire of Chicheſter Cathedral was directly 
before it, at the Diſtance of about 50 or 60 Yards. I 
uſed very often to divert myſelf in obſerving the pleaſant 
Manner in which the Sun paſs'd behind the Spire, and 
was eclipſed by it for ſome time; for the Image of the 
Spire and Sun were very large, being made by a Lens 
of 12 Feet focal Diſtance. And once as I obſerved the 
Occultation of the Sun behind the Spire, juſt as the 
Diſk diſappear'd, I ſaw ſeveral ſmall, bright, round 
Bodies or Balls running towards the Sun from the dark 
Part of the Room, even to the Diſtance of 20 Inches. 
I obſerved their Motion was a little irregular, but rec- 
tilinear, and ſeem'd accelerated as they approach'd the 
Sun. Theſe luminous Globules appear'd alio on the 
other Side of the Spire, and preceded the dun, running 
out into the dark Room, ſometimes more, ſometimes 
leſs, together in the ſame Manner as they followed the 
Sun at its Occultation. They appear'd to be in gene- 
ral about , of an Inch in Diameter, and therefore mutt 
be very large lumincus Globes in ſome Part of the 

cavene, whoſe Light was extinguiſhed by that of the 
Sun, ſo that they appeared not in open Daylight; but 
whether of the Meteor-Kind, or what Sort of Bodies 
they might be, I could not conjecture. 

9. The SoLAR MicRoscoPt (ſaid to be the Inven- 
tion of Dr. Liburkun, a Ge mim) is a moſt cixtous Im- 
provement in Optics, and deſerves to be greatly valued 
as it is the beſt Method which Nature will admit of, or 
Art can furniſh, for magnifying and exhibiting very 
ſmall tranſparent Objects to the View of Spectators. 

10, To this end it has been contrived very commo- 
diouſy in ſeveral different J orms, two of which I {hall 
h:re illuſtrate by Diagrams. The firſt is as follows: 
AB is a Section of the Window - Shutter of a dark Room, 
CD of the Frame contain ng a Scioptric Ball EF; in 
the Fore-part whereof is ſcrew'd the Tube G IK H, 
at one End of Which is a Lens G H, which by con- 
verging the Su -Beams imo a narrow Compats does 
ſtrongty enlighten the ſmall Object a b placed upon a 
Slip of Glaſs or otherwiſe in the Part of the i ube NQ, 
where a Slit is made on e:ch Side for that turpoſe. 
Within this Tube there flides another L m M, which 
contains a ſmall magnifying 1 ens u. | 
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11. By moving the exterior Tube I G H K one way i 
and the other, the Glaſs G H will be brought to receive 
the Rays of the Sun directly, and will therefore moſt | 
tntenſely illuminate the Oedt ab. The other Tube 
L M being flid backwards and forwards will adjuſt the | 
Diſtance of the fmall Lens mz u, ſo that the Image of the 
Object a b ſhall be made very diſtin on the oppoſite | 
Fide of the Room at OP; and the Magnitude of the 
Image will be to that of the Object as its Diſtance from 
the A m 1n 1s to the Diſtance of the Object from it, 
as has been ſhewn in Aunot. CXX V. 4 
12. Thus for Example: Suppoſe the focal Diſtance | 
of the Lens mn to be 1 Inch = x, and let the Diſtance - 
at which it is placed from the Object be 1,1 = 4; then 

if the Lens be double, and equally convex (as uſual) | 


| | £ 
the Diſtance of the Image willbe —— = F * 


therefore the Image will be 110 times larger than the 
Object in its linear Dimenſions, and 110 Xx 110 = 0 
12100 times larger in Surface, and in Solidity it will 
be 110 X I1O X 110 = I331000 times larger than the 
Object. | 

13. If the Lens, inſtead of 1 Inch, were but J an 
Inch focal Diſtance, then would the Diameter ot the 
Image be twice as large, or 220 times larger than the 
Object; and the Superficies 4 times larger, viz. 4 X 
12100 = 48400; and the Solidity 8 times larger, viz. 
8 * 1321000 = 10648000, that is, above 10 Millions 
of times larger than the Object. 

14. Once more: For very ſmall Objects we may uſe 
a Lens of an Inch focal Diſtance, and then the Image 
at the ſame Diſtance as before will be in Diameter 4 & 
110 = 440 times larger than the Object; in Superficies, 
16 x 12100 = 193600 times larger; and in Solidity, 
64 * 1331000 = 851840 times larger; that is, any 
ſolid ſmall Object will at the Diſtance of 9 Feet 2 
Inches, by means of a Lens & Inch focal Diſtance, be 
magnified above 85 Millions of times. 

15. Or more directly thus: Let the focal Niſtance 
of the double Convex nin be LI = r, and let the Diſ- 
tance at which the Image is ſormed be 12 Feet or 144 


G 4 Inches 


* o 
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Inches = f; then 2 = d = 0,2504, which there. 


fore may be taken for & of an Inch; conſequently the 
Diſtance of the Image 1s 576 times the Diſtance of the 
Objeci from the Lens, and ſo much larger will it be in 
Diameter, and in Surface it will be 576 * 576 = 
331776 times larger, and in ny it will be 576 8 
576 x 576 = 191102976 times larger; Or, a ſmall ' 
Blood-Globule, or other ſolid Particle, will be magni- 
fied above 191 Millions of times; an Effect prodigious, 
and incredible to thoſe who are not converſant with 
Glaſſes, or underſtand not the Rules of Optics. 

16. If the linear Dimenſions of the Image be nicel 
taken by a By- Stander with a graduated Scale of equal 
Parts, the Dimenſion of the Object will be known of 
courſe from the Diſtances of the Image and Object from 
the Lens; and in exceeding {mall Objects, ſuch as the 
Pores of Cork, the Particles of Blood, Animalcula in 
Semine, &c. there 1s no other way of meaſuring them 
ſo well: And thus the Solar Microſcope becomes a Mi- 
crometer in the laſt Degree of poſſible Menſuration. 

17. The Form of this Inſtrument, as it has been 
hitherto deſcribed, is that which T have contrived for " 


own Uſe, and for theirs who regard more the gener 


Convenience than the Grandeur of an Apparatus.  How- 
ever, that thoſe of a different Taſte may be gratified, 
the common Form 1s to be very much commended for 


their Uſe ; of which it will be ſufficient to give a bare 


Deſcription, illuſtrated by a Print. 

18. This Inſtrument conſiſts of ſeveral Parts, viz. A, 
a ſquare Frame of Mahogany to be fixed to the Shutter 
of a Window by means of the Screws 1, 1. To this 
Frame is applied a circular Collar B of the fame Wo 
with a Grooveon its Periphery on the Outſide, —— 
by 2, 3. This Collar is connected by a Cat-Gut to the 
Pulley 4 on the upper Part, which is turned round by 
the Pin 5 within. On one Part of the Collar, on the 
Outſide, is faſtened by Hinges a Looking-Glaſs G in a 


proper Frame, to which is fixed the jointed Wire, 6, 7; 
,o which means, and the Screw H 8, it may be made 
to ſtand jn an Angle more or leſs inclined to the Frame. 
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In the Middle of the Collar is fixed a Tube of Braſs C, 
near two Inches in Diameter; the End of which on the 
Outſide, has a convex Lens 5 to collect the Sun-Beams 
thrown on it by the Glaſs G, and converging them 
towards a Focus in the other Part, where D is a Tube 
liding in and out, to adjuſt the Object to a due Diſtanee 
from the Focus. To the End G of another Tube F 
js ſcrew'd one of Vilſon's Single Pocket Microſcopes, oon- 
taining the Object to be magnified in a Slider; and b 
the T ube F, ſliding on the ſmall End E of the other 
Tube D, it is brought to a due focai Diſtance. 

19. The great Artifice and Conveniency of this So- 
lar Microſcope is, that by means of the Glaſs G the 
oblique Rays of the dun are made to go ſtrait along the 
dark Room parallel to the Floor, inſtead of falling up- 
on it. Thus let A Bggenote a Section of the Looking- 
Glaſs, and 8 C the Rays of the 2un impinging upon it 
at C, by which they are reflected to the Lens D, and 
from thence converged towards E to illuminate the Ob- 
ject to be magnified ; ſo that the Beam of Light goes 
from C to E in the Direction parallel to the Floor, in- 
ſtead of falling on it in the Direction SG. By the 
Pulley 4, 5, the Glaſs is turned directly to the Sun, and 
by the jointed Wire and Screw at ¶ it is elevated or de- 
preſs' d, fo as to bring the Glaſs into the Poſition A B 


to the _ of Reflection BCE. Mr. Liburtun, a 
Pruſſian Gentleman, was the firſt who invented this 
Method of magnifying Objects, but without the Look- 
ing-Glaſs, which was afterwards added to it. The 
Theory of this Contrivance and the Magic Lanthern is 
the ſame ; only here we make uſe of Sun-Beams inſtead 
of Candle-Light, and the Obje& and magnifying Leus 
are of the ſmalleſt Size. 

20. Another moſt egregious Contrivance of this Sort 
we have from the late learned Dr. e gy: which 
he calls by the Name of HeriosTaTa, from its Pro- 
perty of fixing (as it were) the Sun-Beam in one Poſi- 
tion, viz. in an horizontal Direction acroſs the dark Cham- 
ber all the while it is in uſe. It is an Automaton, or 
Piece of Clock-work, whoſe Parts are as follow. A A 
is à Frame in which a metalline Speculum S is ſuſ- 


pended, 


required, where the Angle of Incidence A C 8 is equal 
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pended, moveable about its Axis by means of two ſmall 


Screws at aa, This Frame is fixed to the Piece C, 


which being hollow is moveable upon the cylindric 
Shaft P about the Iron Pin e. (See the Part by itſelf.) 
This Pillar P is fixed to a triangular Baſe or Foot ſet 
perpendicular by the three Screws B, B, B. 

21. On the Back-part of the Speculum is fixed a 
long cylindric Wire or Tail D, in a perpendicular Po- 
ſition. By this it is connected to the ſecond Part of 
the Helioſtata, which is a common Thirty-Hour Clock, 
Tepreſented at H; the Plane of which Clock is parallel 
to that of the Equator in any given Place, This Clock 
is ſuſtained on the Column F G, in which it is moveable 
up and down by a thin Lamina or Plate that enters it as a 
Caſe, and fixed to a proper Height by the Screws d, d, 
at the Side. The Whole is truly adjuſted to a perpen- 
dicular Situation by means of the three Screws J, I, I, 
in the Tripod L L. M, and the Rummet Q, whole 
Cuſpis muſt anſwer to the Point o beneath. 

22. The Axis of the Wheel, which moves the In- 
dex N O over the Hour-Circle, is ſomewhat large, and 


perforated with a cylindric Cavity verging a little to a- 


conical Figure; and receives the Shank p 9 of the ſaid 


Index N O very cloſe and tight, that by its Motion the. 


Index may be carried round. In the Extremity O of 
the Index is a ſmall cylindric Piece n, with a cylindric 
Perforation to receive the Tail z of the Fork I, yet fo 


as to admit a free Motion therein. In each Side of the 


Fork are ſeveral Holes exactly oppoſite to each other, 
in which go the Screws r, 7, upon whoſe ſmooth cy- 
lindric Ends moves the tubular Piece R on its Auricles 
M, m. | 

23. When the Machine is to he fixed, for Uſe, ano- 
ther Part is made uſe of to adjuit it; which is call'd 
the Poſſtor, and is dcnoted by the Letters VX Y Z. 
The Cylinder C is removed with the Speculum ſrom the 
Foot P, and the Braſs Column VX put on in its ſtead, 
and zdheres more ſtrictly to the Pin e, that it may keep 
its Poiition while the Machine is conflituted. 

24. On the Top: of the Column, about A as a 


Centre, moves the Lever Y Z, fo that it may be any 


how inclined to the Horizon, and keep its Volition. 
| The 
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The Arm Y X may be of any Length at Pleaſure, but 


the Arm Y Z is of a peculiar Conſtruction, and of a 
determinate Length. Io this Arm, which extends no 
farther than y, is adapted a Sliding-Piece Z x ſharp- 
pointed at Z. By this the Arm XZ is determined to a 
given Length, the Piece £ x being fixed by the Screws 
% 2. 

25. Upon this Arm is drawn the ſhort Line vx, by 
which it may be lengthened in the Whole, and is 188 
of the whole Length X Z when ſhorteſt. The Reaſon 
is, this Arm 1s always to increaſe and decreaſe in Pro- 

ortion to the Secant of the Sun's Declination to the 

Radius X Z when ſhorteſt; but the Radius is to the 
Secant of 23? 30“ (che Sun's greateſt Declinaticn) as 
1C000000 to 10904411, or as 100 to 109. 

20. Now the Keafon of this Conſttuction of the Arm 
X J. is to find for any giyen Day the Diſtance of the 
Centre of the Speculum S from the Top / of the Style 
N, which mutt ever be equal to the Secant of the 
Sun's Declination ; for it muſt always be equal to the 
Diſtance of the Top of the ſaid Style / from the Centre 


of the Cyl:1Jer R in the Fork T, and that is ever equal 


to the ſaid Secant of Declination. 
27. For ſince the Style IN and the Fork T are in a 
Poſition parallel to each other, therefore the middle 


Hole in the Sides of the Fork being (as they mult be) 


of the ſame Height above the End of the Index O as 
is the Height of the Style NT, *tis evident that on 
an equinoctial Day the Sun's Rays will pals direQly 
through the Perforation of the Piece R, it it be put in 
a Poſition parallel to the Plane of the Ecliptic, or that 
of the Clock; and alſo that the Top of the Shadow of 
the ſaid Style will fall exactly on the ſaid Hole. 

28. In this Caſe the Top of the Style is at the leaſt 
Diſtance from the central Point of R, and therefore 
may be repreſented by Radius, while in any other Poſi- 
tion above or below, the Diſtance will increaſe in Pro- 
portion to the Secant of the Angle which the Rays 
make with this firſt or middle Ray, that paſs by the 
Top of the Style, and through the Hole R. | 

29. Now it may be demonſt.ated, that on any Day 
ol the Year, if the Clock and its Pedeſtal be ſo fixed 

that 
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that the Line of XII be exactly in the Meridian, and 
that the Poſition of R in the Fork be ſuch that the 
Sun's Rays go directly through it, and the Shadow of 
the Style's Top fall juſt upon the Hole; moreover, if the 
Diſtance of the Centre of the Speculum S from the Top 
of the Style / be made equal (by the Poſitor) to the 
Diſtance of the central Point of R therefrom ; and laſtly, 
the Tail of the Speculum DE paſſing through R; if 
then the Clock be put into Motion, the Index NO 
ſhall carry about the Tail of the Speculum in ſuch a 
Manner, that at all Times of that Day when the Sun 
can come upon the Speculum, it will reflect the Ra 
conſtantly in one and the fame Poſition and Direction 
all the time without Variation, 

o. The Machine thus conſtituted is placed in a 
Box or Caſe, and ſet in a Window with one Side open, 
expoſed to the Sun, and all the other Parts cloſe; ſo 
that when the Room is made dark, and the Solar Mi- 
eroſcope fixed to the Forepart of the Box in which the 
Helioſtata is placed, juſt againſt the Centre of the Spe- 
culum to receive the reflected horizontal Beam, all the 
Experiments of the darken'd Room are then performed 
as uſual. This is a very ingenious Conſtruction of a 
Solar- Microſcope Apparatus, and full of Art, but, 1 fear, 
too expenſive and troubleſome for common Uſe. How- 
ever, tis eaſy to fee that this Machine is capable of 
being greatly reduced; for it may be made to anſwer 
the End very, well without a Clock; alſo the Speculum 
may be Glaſs inſtead of Metal, and all fix'd on one 
Foot or Pedeſtal: But this I leave to the Ingenuity of 


the Mechanical Reader, 
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LECTURE ME 3 
Of AsTRONOMY ; and the Uſe of the 


OrRERY and COMETARIUM. 


Of the UNIVERSE; an INFINITY of Sys- « 
TEMS ; of the PTOLEMAIC SYSTEM; the 
TyCHONICSYSTEM ; of the COPERNICAN 
or SOLAR SYSTEM of the World. The 
Extent and Conſtituent PAR Ts thereof. 
ARGUMENTS for the Truth thereof. DE- 
MONSTRATIONSof its Truth. Of the SUN ; 
the PRIMARY PLANETS; the Secondary 
Planets, or Moons. The ComeTs. Of 
the Magnitude, Motion, Maculæ, &c. a 
of the Sun. Of the Number, Order, 

Magnitude, Diſtances, Sc. of the PLA- 
NETS ; their Periods; of the Nodes, In- 
clination, and Aphelia of their OkBITsõ. 
Of the Moox, its Phaſes, Period, Diſ- 
tance, Magnitude, and Light. Of the 
SATELLITES or Moons of Jupiter and 
Saturn. Of Saturn's Rino. The Ma- 
THEMATICAL THEORY of the CELEs- 
TIAL MoTioN, withCALCULATIONS and 


EXAMPLES. 


ASTRONOMY. 
EXAMPLES. Of the OxRxERVY: an Hiſto- 


rical Account of the Invention and Im- 
provements thereof. A Deſeription of - the 
ARMILLARY SPHERE. Of the Morion 
of the EARTH about its Axis, and about 
the Sun. The V1ciss1TUDES of the SEA- 
SONS explained. Of the various LENGTHS 
of Days and NIGHTS. The Third Mo- 
tion of the Earth; the great PLAToON1c 
YEAR; the RECESSION of the EQ)1NOXEs 
explained. A Calculation of the hotteff 
Time of the Day. The Doctrine of Solar 
and Lunar EcLiessts fully explained, by 
Calculations on a Mathematical Theory 


An Explanation of the ASTRONOMY of 


ComETs. A new Method for Conſtruc- 
tion of their OkBITS. Calculations re- 
lating to the whole THEORY of Comets. 
An Analytical Inveſtigation of their El- 
liptic, Orbits. Of their Tails, and all 
other Phænomena accounted for en the ge- 


nuine Principles of Phytics. 


SHALL in this Lecture endeavour to 

; I exhibit to you a juſt and natural Idea if 
the Mundane or Solar Syſtem, that is, the 
Syſtem of the World; conſiſting of the 
Sun; the Primary Planets, and their Secon- 

: daries or Moons ; the Comets ; - and the Fixed 
Stars: J; 


* 
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Stars; according to the Hypotheſis of Py- 


thageras among the Ancients, and revived 
by Copernicus: Which Syſtem is fully prov- 
ed, and eſtabliſhed on the juſteſt Reaſon- 
ing, vis. Phyfical and Geometrical Con- 
cluſions, by all our modern Aſtronomers. 


(CXXXI.) 
THE 


(CXXX I.) 1. By the UNIVERSE we are to under- 
ſtand the whole Extent of Space, which, as it is in its own 
Nature every way infinite, gives us an Idea of the In- 
ſinity of the Univerſe, which can therefore be wy in 
Part comprehended by us: And that Part of the Uni- 
verſe which we can have any Notion of, is that which 
is the Subject of our Senſes; and of this the Eye pre- 
ſents us with an Idea of a vaſt extended Proſpect, and 
the Appearance of various Sorts of Bodies diſſeminated 
through the ſame. | 

2, The infinite Abyſs of Space, which the Greeks 
called the 73 aa», the Latins the Inane, and we the 
Univerſe, does undoubtedly comprehead an Infinity of 
dyſtems of moving Bodies round one very large central 
one, which the Romans called Sol, and we the Sun, 
This Collection of Bodies is therefore properly called 
the SOLAR SYSTEM, and ſometimes the MunDaNngE 
SYSTEM, from the Latin Word Afunius, the TYorld. 

3. That the Univerſe contains as many Solar Syſtems 
or Worlds as there arc what we call Fix'd Stars, ſeems 
reaſonable to infer from hence : That our Sun removed 
to the Diſtance of a Star would appear jult as a Star 
does, and all the Bodies moving about it would diſap- 
pear entirely, Now the Reaſon why they diſappear is 
becauſe they are opake Bodies, and too ſmall to be ſeen 
at ſo great a Diſtance, without an intenſe Degree of 
Light; whereas theirs is the weakeſt that can be, as 
being firſt borrowed and then reflected to the Eye. 

4. But the Sun, by reaſon of his immenſe Bulk and 


innate Light, - which is the ſtrongeſt poſſible, will be 
a : viſible 
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Tux moſt celebrated Hypotheſes or Syſ=1 
tems of the World are three, viz. (1.) 


The 


viſible at an immenſe Diſtance; but the greater the Diſ- 
tance, the leſs bright it will appear, and of a leſſir 
Magnitude: And therefore every Star of every Mag- 
nitude may probably be a Sun like our own, inform- 
ing a Syſtem of Planets or moving Bodies, each of 
which may be inhabited like our Earth with various 


Kinds of Animals, and ſtored wich vegetable and other 


Subſtances. ' 

5. In this View of the Univerſe, an auguſt Idea ariſes 
in the Mind, and worthy of the Infinite and Wiſe Au- 
thor of Nature, who can never be ſuppoſed to have 
created ſo many glorious Orbs to anſwer ſo trifling a 
Purpoſe as the twinkling to Mortals by Night now and 
then; beſides that the far greateſt Part of the Stars are 
never ſeen by us at all, as will be farther ſhewn when 
we come to treat of thoſe celeſtial Bodies. 

6. When therefore Moſes tells us, that in the Begin- 
ning God created the Heavens and the Earth, it is to be 
underſtood in a limited Senſe, and to mean only the 
Making, or rather New-making of our Terraqueous 
Globe; for 'tis expreſly ſaid that the Earth in its firſt 
State was a Chaos, (in Hebrew nan 1nn Shapelsſs and 
Void) which probably might be only the Ruins of a pre- 
exiſtent Globe inhabited by rational Creatures in the 
fame Manner as ſince its Renovation. And though it 
be ſaid, God made two great Lights, the Sun and the 
Moon, it does not follow they had no Exiſtence before 
that Time, any more than it does that the Stars had 
not, which he is ſaid to have made alſo. | 

7. Now if the Stars had no Exiſtence before the Ae. 
ſaic Creation, then were there no other Syſtems of Worlds 


before our own; then muſt all the Infinity of Space have 


been one eternal abſolute Inane or Empty Space till that 
Time, and God who made the Worlds muſt be ſuppoſed 
to have made them all at once: Which Suppoſitions 
are too extravagant and unreaſonable, and therefore 
cannot be the Senſe of that Paſſage of Scripture; which 

I think 
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The Plolomean, invented by Ptolomy, an an- 


cient Egyptian Philoſopher, which affi ons. 
ſuch Poſitions and Motions to the heavenly 
Bodies, as they appear to the Senſes to 
have. (2-) The Tychomc Syſtem, or that of 
the noble Dani/h Philoſopher, Tycho Brahe. 


(3.) The Pythagorean, Copernican, or Solar 


Syſtem, above-mentioned, Of all which in 


Order. (CXXXII.) 
THE 


Ithink can be no more than this, That when God had 
formed the Earth into an habitable Globe, he gave it ſuch 


a Poſition and Motion about the Sun, and about 


its own Axis, as ſhould cauſe an agreeable Variety in 
the Length of Days and Nights, and in the Tempera- 
ture of the Seaſons of the _ All which will be 

ewn to have their Exiſtence and Diſtinction reſulting 
from theſe Principles, and no other, in the Sequel of 
the Notes to this Lecture. 

(CXXXII.) 1. Ihave thought it expedient toiluftrace 
the Idea of the three remarkable Syſtems of the World 
above-mentioned by proper Diagrams ; in the Firſt of 


which you view the Diſpoſition of the Heavenly Bodies pl. LII. 
according to the Hypotheſis of Claudius Piolomeus, a Fig. 1. 


famous Mathematician and Aſtronomer of * in 
Egypt, who lived in the firſt Part of the ſecond Century 
after Chriſt. 

2. This was firſt invented and adhered to chiefly be- 
cauſe it ſeemed to correſpond with the ſenſible Appear- 
ances of the Celeſtial Motions. "They took it for granted 
that the Motions which thoſe Bodies appeared to have 
were ſuch as they truly and really performed ; and-not 
dreaming of any Motion in the Earth, nor being ap- 
5 59 the Diſtinction of abſolute, relative, or apparent 

tron, they could not make a proper Judgment of 
ſuch Matters, but were under a neceſſity of being mil 
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PlateLIL. The Ptolomean Syſtem ſuppoſes the Earth * 


Fig. 1, immoveably fixed in the Centre, not of the 


what they really poſſeſs. Thus a Perſon 


World 


led by their very Senſes, for want of proper, Aſſiſtance 
which After-Ages produced. 

3. *Tis eafy to obſerve they had no Notion of any 
other Syſtem but our own, nor of any other World but 
the Earth on which we live. They thought nothing 
leſs than that all Things were made for the Uſe of 
Man ; that all the Stars were contained in one concave 
Sphere, and therefore at an equal Diſtance from the 
Earth; and that the Primum Mobile was circumſcribed 
by the Celum Empireum of a cubic Form, which they 
ſuppoſed to be the Heavens, or bliſsful Abode of departed 
Souls. 

4. It would ſcarce have been worth while to have 
ſaid ſo much about ſo abſurd an Hypotheſis, (as this is 
now well known to be) were it not that there are ſtil} 
numerous Retainers thereto, who endeavour very zea- 
touſly- to defend the ſame, and that for two Reaſons 
principally, viz. becauſe the Earth is apparently fixed 
in the Centre of the World, and the Sun and Stars 
move about it daily; and alſo becauſe the Scripture 
aſſerts the Stability of the Earth, the Motion of the 


Sun, Oc. 


5. Theſe two Arguments merit no particular Anſwer. 
It is ſufficient, with reſpect to the firſt, to ſay, that we 
are aſſured Things may (yea muſt) appear to be, in 
many Caſes, what they really are not, yea to have ſuch 
Affections and Properties as are abſolutely contrary to 

freeing in the 
Cabin of a Ship under Sail, will, by looking out at the 
Window, ſee an apparent Motion of the Houſes, the 
Trees, &c. on the Strand the contrary Way, but will 
perceive no Motion at all in the Ship. Alſo a Perſon 


ſitting in a Windmill, if the Mill be turned about, 


will fee an apparent Motion of the upright Poſt 


the contrary Way, but will not perceive any in the 


WII idle. 
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Morld only, but of the Univerſe ; and that 


the Sun, the Moon, the Planets, and Stars, 
all 


6. All gþoſe Caſes are exactly parallel to that of the 
Earth, (the Reaſon of which has been ſhewn in the 
former Part of this Work, Arnot. XX.) and it is as 
rational to aſſert the Ship and the Mill are really quieſ- 
cent, and the other Bodies poſitively in Motion, as it is 
to inſiſt on the Motion of the Sun, and the Earth's be- 
ing at reſt in the Centre. 

7. As to the Scripture, as it was never intended for 
an Inſtitution of Aſtronomy or Philoſophy, ſo nothing 
is to be underſtood as ſtrictly or poſitively aſſerted in 
relation thereto, but as ſpoken only agreeably to the 
common Phraſe or Vulgar Notion of Things. And 
thus Sir 1/Jaac Newton himſelf would always ſay, tte 
Sun riſes, and the Sun ſets; and would have faid with 
Foſhua, Sun fland thou ſtill, Cc. though he well knew 
it was quite contrary in the Nature of the Thing. 

8. How ridiculous a "Thing does Popery appear to be 


to all rational Minds, or to thoſe who are at liberty to 


think, by inſiſting on the literal Senſe of Scripture fo 
rigidly in the Expreſſion, This is my Body / And is it 
not equally abſurd to maintain that the Earth lands up- 
on Pillars, only becauſe we, read ſo in the Bible? What 
an aukward Shift are thoſe celebrated Mathematicians 
Meſſ. Le Seur and Jacguier obliged to make, in their 
Commentary on Sir 1ſaac's Principia ! The Kditor, for- 
ſooth, is here the Commentator on all thoſe Parts that 
relate to the Earth's Motion or Copernican Syſtem : And 
becauſe their Declaration is ſomething very ſingular in 
its Kind, I ſhall here give it in their own Words. 


PP. LR Sevk & Jacquitr Declaratio. 
Newtonus in hoc tertio libro Telluris mote hypot heſin aſ- 
ſumit. Autoris Propoſitiones aliter explicari non poterant, 
niſi eadem quogue facts bypetheſi. Hinc alienam coactt 


ſumus gerere perſonam; cæterum latis q ſummis Pontifici= 


bus contra Telluris Motum Decretis nos obſequi profitemur . 
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all moved about it from Ea/ to We/t once 


in twenty- four Hours, in the Order fol- 
lowing, 


In Engliſb thus: 1 

« Newton in this Third Book has aſſumed the Hypo- 
& theſis of the Earth's Motion. The Author's Propo- 
& fitions are not to be explain'd but by making the 
« ſame Hypotheſis alſo. Hence we are obliged to pro- 
« cced under a feigned Character; but in other Re- 
cc ſpects we profeſs ourſelves obſequious to the Decrees 
« of the Popes made againſt the Motion of the Earth.“ 

9. By this it appears how well many People under- 
ſtand the Truth, who yet dare not to profeſs it. But 
to conclude this Head: There is no Authority equal to 


that of Truth; the common Opinion, the literal Ex- , 


preſſion of Scripture, the Decrees of Popes, and every 
thing elſe muſt give way to plain and evident Demon- 
ſtration; of which we have abundantly ſufficient for 


eſtabliſhing the true Syſtem of the World againſt all 


Oppoſition. 


10. The Tycho Nic SYSTEM is repreſented in the 
next Diagram. This had its Original from Tycho Brahe, 
a Nobleman of Denmark, who lived in the latter Part 
of the laſt Century; he built and made his Obſervations 


at Uraniburg, (i. e. Celeſtial Toter) in the Iſland rer 


or Huena. This Philoſopher, though he approved of 
the Copernican Syſtem, yet he could not reconcile him- 
felf to the Motion of the Earth; and being, on the 
other hand, convinced the Ptolomean Scheme in part 
could not be true, he contrived one different from either, 
which is repreſented by the next Diagram. | 

11. In this the Earth has no Motion allowed it, but 
the Annual and Diurnal Phænomena are ſolved by the 


Motion of the Sun about the Earth, as in the Ptelomate 


Scheme; and thoſe of Mercury and Venus are ſolved by 
this Contrivance, though not in the ſame Manneg fo 
ſimply and naturally, as in the Copernican Syſtem ; as is 
ealy to obſerve in the Figure, 


12. After 
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lowing, viz. tha Moon, Mercury, Venus, 
the Sun, Mars, Fupiter, Saturn, the Fixed 
Stars ; and, above all, the Figment of their 
Primum Mobile, or the Sphere which gave 
Motion to all the reſt. But this was too 
groſs and abſurd to be received by any 
learned Philoſopher, after the Diſcoveries 
by Obſervations and Inſtruments which ac- 
quaint us with divers Phænomena of the 
heavenly Bodies, altogether inconſiſtent 
with, and, in ſome Things, exactly con- 
tradictory to, ſuch an Hypotheſis ; as will 
be ſhewn by the Arguments adduced to 
prove the Truth of the Copernican Syſtem, 
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Tre Tychonic Syſtem ſuppoſed the Earth Pl. III. 
in the Centre of the World, that is, of the Fig. 2. 


Firmament of Stars, and alſo of the Orbits 
of the Sun and Moon; but at the ſame 


time it made the Sun the Centre of the 


Planetary Motions, v/z. of the Orbits of 
Mercury, Venus, Mars, Jupiter, and Saturn. 
Thus 


12. After this Scheme had been propoſed ſome time, 
it received a Correction by allowing the Earth a Motion 
about its Axis, to account for the Diurnal Phænomena 
of the Heavens; and ſo this came to be called the 
Semi-Tychonic Syſtem. But this was ſtill wide of the 
Truth, and encumbered with ſuch Hypotheſes as the true 
Mathematician and genuine Philoſopher could never 
reliſh, "Therefore both theſe Syſtems, and all others, 
at length gave way to the True Solar Syſtem, o be 
more fully deſcribed in the E Notes. 8 
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Thus the Sun, with all its Planets, was 
made to revolve about the Earth once a 
Year, to ſolve the Phenomena ariſing from 
the annual Motion; and the Earth about 
its Axis from Weſt to Eaſt once in 24 
Hours, to account for thoſe of the diurnal 
Motion. But this Hypothefis is ſo mon- 
ſtrouſly abſurd, and contrary to the great 
Simplicity of Nature, and in ſome reſpects 
even contradictory to Appearances, that it 
obtained but little Credit, and ſoon gave 
way to 
pl. LIN, THE Copernican Syſtem of the World, 
which ſuppoſes the Sun to poſſeſs the cen- 
tral Part; and that about it revolve the 
Planets and Comets in different Periods of 
Time, and at different Diſtances therefrom, 
in the Order following, v/z. (CXXXIII.) 
4 MER- 


(CXXXIII.) 1. The SorAx SYSTEM, as it is now 
taught, was in ſome part invented by the Ancients, per- 
haps by Pythagoras himſelf; for though Diogenes Laertius 
in writing his Life ſays no more of him than hrs a/erting 1 
the Antipodes of the Earth, yet Ariſtotle tells us that the 
Sect of the Pythagoreans taught that the Earth was car- 
ried about the Centre, (viz, the Sun) among the Stars 
(i. e. the Planets) and by turning about (its Axis) cauſed 
Day and Night. Hence it came to be called the Py. 
THAGOREAN HYPOTHESIS or SYSTEM of the World, 

2. But ſome of theſe, *tis ſaid, allowed only one 
Motion of the Earth, viz. the diurnal; while others, gy 
as Philolaus, Ariflarchus the Samian, Plata in his ad- 
yanced Age, alſo Seleucus the Mathematician, and others, 
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IJ. Mexcurry, at the Diſtance of about 
32 Millions of Miles, revolves about the 
Sun 


maintained the Earth had two Motions, the diurnal about 
its Axis, and the annual Motion about the Sun. Hence 
it is alſo called the PHILOLAIC SYSTEM. 

3. But the Aſtronomy of theſe early Ages died in its 
Infancy, and was buried in Oblivion for many Ages 
after; till at length it began to be revived by Cardinal 
Cuſa, who wrote in Defence of it, but to no great Pur- 
poſe ; till after him it was eſpouſed by the celebrated 
Nicholas Copernicus, a Canon of Thorn in Poliſh Pruſſia, 
where he was born A. D. 1473. This Gentleman un- 
dertook to examine it thoroughly, and explained by it 
the Motions and Phænomena of the Heavenly Bodies fo 
well to the Satisfaction of the Learned, that he was ge- 
nerally followed therein by the principal Aſtronomers 
of that and the following Age; as Rheticus, Rithman- 
nus, Lanſbergius, Schikardus, Kepplerus, Galiles, and 
numberleis others. From this Time it was called the 
COPERNICAN SYSTEM, 

4. After this aroſe divers great Men, as Gaſſendus, 
Hevelius, Bullialdus, Ricciolus, the two Caſſini 's, Mr, 
Hugens, Horrox, Biſhop Ward, Mr. Flamſteed, Dr. 
Halley, Dr. Gregory, Dr. Keil, and, above all, that ſu- 


perlative Genius Sir 1ſaac Newton ; who all of them, 


with the greateſt Pains and Diligence, applied them- 
ſelves to make Obſervations, to invent Inſtruments, and 
to inveſtigate the Phyſical Cauſes of Celeſtial Phæno- 
mena; in which they ſo happily ſucceeded, eſpecially 
the laſt great Man, that the Nature, Extent, Order, 
and Conſtitution of all and every Part of the Solar Syſ- 
tem, both of Planets and Comets, became ſo well de- 
hned, ſtated and eſtabliſhed, as to admit of no Con- 
teſt or Scruple, with any Man properly qualified to un- 
derſtand it; and which therefore ought for the future 
to be called the NEWT@NIAN SYSTEM of the World. 

5. This SYSTEM (no longer now to be called an 
Hypotheſis) is reprefented in a Plate by itſelf with the 
Orbits of all the -Planets and Comets (hitherto deter- 
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Sun in the Space of 87 Days, 23 Hours, 
and 16 Minutes. 55 | | 
II. VEnvs, | 


mined) and at their proper Diſtances from the Sun, re- 
preſented by the central Point; it CT to 
repreſent, either by an Inſtrument or Diagram, the 
true Proportion both of Magnitude and Diſtances of 
the Sun and Planets, as will appear by what follows. 
6. For it muſt be allowed, that to render any Ma- 
chine or Delineation uſeful, the leaſt Part ought to be 
viſible; and one cannot well aſſign a leſs Bulk for the 
Globe of the Moon, than what is here repreſented in 
this Plate; which being fixed upon, the Magnitudes of the 
Planets Mercury, Venus, the Earth, Mars, Jupiter, and 
Saturn and its Ring, muſt be ſuch as are ſhewn under 
the reſpective Names in the Plate; and with reſpect to 
theſe the Sun's Bulk or Face will be repreſented by the 
exterior Circle of the Diagram, which here repreſents 
the Ecliptic in the Heavens, and is nearly 9 Inches in 
Diameter. | Dh | | | —4 
7. Now the Diameter of the Earth in this Scheme 
is 1 of an Inch, its Semidiameter is therefore ; and 
the Diſtance of the Earth from the Sun's Centre is about 
20000 Semidiameters. But 20000 * ,=1000 Inches 
= 831 Feet; and ſince the Diſtance of Saturn is near | 
ten times as great, it is evident the Extent or Diameter of 
a Machine io exhibit the ſeveral Parts of the Solar Syſtem 1? 
in their due Proportion of Diſtances and Magnitudes 
: = (though no bigger than theſe here afſign'd) will be at leaf 
* 1600 Feet, or more than a Quarter of a Mile : And con- 
ſequently the Circumference of Saturn's Orbit will meaſure 
very near a Mile. | | 
8. In a much leſs Compaſs indeed the Diſtances migh® 
'** be repreſented very well in Proportion, but the reſpec- 
tive Magnitudes can no otherwiſe be ſhewn than by 
ſuch Globes or graphical Delineations as in the Plate 
of the Diagram under Conſideration. Another Thing 
which cannot be properly repreſented in ſuch a Plate is 
the Inclination of any Planetary Orbit to the Plane of 
the Ecliptic, eſpecially the Orbits of the Comets, 2 
baba nd ; N Whoſe 
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II. VꝝNvus, at che Diſtance of 59 Mil. 
lions of Miles, in 224 Days, 16 Hours, 49 
Minutes. 


6 Hours, 9 Minutes, or Sydereal Year. 


of Miles, in 686 Days, 23 Hours, 27 Mi- 
nutes, or 1 Vear, 321 Days, 7 Hours, 
and 18 Minutes. 

V. JuyITER, at the Diſtance of 424 


20 Minutes, or almoſt 12 Vears. 
VI. SATURN, at the Diſtance of 777 Mil- 


6 Minutes, or nearly 30 Years. 
VII. Tuꝝ CoMETS, in various and vaſtly 
eccentric Orbits, revolve about the Sun in 


as repreſented 1 in the Scheme of Mr. Whif: 
ton's Solar Syſtem. (TRAY ) 


whoſe Poſitions we can by no means this way get any 
Idea. The ſeveral Parts therefore of the Solar Sytem 


with proper Figures adapted to each: And this will be 
the Subject of the e we Notes. 


mary Planets, Sir hs Newton tated in Days and De- 
cimal Parts of a IVF 57 a8 follows; 


© S 
859692 224,617. 35572865 686,9785. 4332514: 


$67 59,275. 5 Th 
be 1 


III. Tun Earrn, at the Diſtance f 
about 82 Millions of Miles, in 365 Days, 


IV. Mars, at the Diſtance of 123 Millions f 


Millions of Miles, in 4332 Days, 122 Hours, | 


lions of Miles, in 10759 Days, 6 Hours, 


different Situations and Periods of Time, 


muſt be explained and illuſt;ated by diſtinct Theories, 


(CXXXIV.) The eriodical Times of the pri- ; 


% 


k 
A 


105 


7 
J. 
* 
+4 
Y a 
's 
= 
4 'N 
2 
* 
4 
-Y; 
V5 
. 
1 
T5 
. 


r 


- 
N 


16 


Plate 
LIV 


Fig. 1. 


* 


ASTRONOMY, 


2. The mean Diſtances of the Planets from the Sun 

are thus ſtated by Sir IJaac: 
According to Kepler, 
© * 2 8 * 5 

38806. 72400. 100009. 152350. 519650. 951000, 

| According to Bulliallus, | 
38585. 72398. 100000. 152350. 522520. 954198. 

According to the Periodical Times, 

38710. 72333. 100000. 152369. 520096. 954006. 

3. Before we can ſhew how the Periodical Times 
and Diſtances of the Planets are found, it will be ne- 
ceſlary to premiſe the following Things, viz. The Orbit 
of a Planet is not in the Plane of the Elliptic. Thus let 
ANL O be the Orbit of a Planet P, and let B CET 
be the Earth's Orbit, which is in the Plane of the Eclip- 


tic; then will one-half of the Planet's Orbit he above 


the Plane, as NL O, and the other Half NA O be- 
low it. | 
4. The two Planes, therefore, of the Pla::et's Orbit and 
the Acliptic will interſeft one another, which Interſec- 
tion will be a Right Line, as NO; and this is called 
the Line of the Nodes, the Nodes being the two Points 
N and O, in which the Planet deſcends below, or aſ- 
cends above, the Plane of the Ecliptic: Whence O 


is called the Aſcending Node, and N the Deſcending 


Node. 
5. Let the Curve N m O be defcribed in the Plane of 
the Ecliptic perpendicular under the Half Orbit NL O; 
then is the Curve N O ſaid to be the Prejection of the 
Planet's Orbit NL O on the Plane of the Ecliptic, and p 
the projected Place of the Planet P, or its Place reduced 
10 the Ecliptic. 

6. The Angle LO m meaſures the Inclination of the 
Plane of the Planet's Orbit to that of the Ecliptic ; which 
is alſo called the Obliquity thereof. The Perpendicular 
Diſtance P p is the Latitude of the Planet from the Plane 
of the Ecliptic; and Lm is the greateſt Latitude, if 
LO or LN be a Quarter of a Circle. Alſo the Diſ- 
tance of the Planet from the Node, viz. PO, is called 
the Argument of Latitude. 

7. Draw SP, Sp, and T P, T, and join ST; then 
is the Angle P'S p, the true Jatitude ſeen from the Sun 

a? 


2 — . ů hs _ 


in 
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at 8, and theretore called the Heliocentric Latitude; and 
the Angle P Tp is the apparent Latitude, or that which 
is ſeen from the Earth at T, and is therefore called the 
Geocentric Latitude. 

8. The true Diſtance of the Planet from the Sun and 
Earth is meaſured by the Lines SP and PT; but 8 


and Tp are called the Curtate Di/lances. Alſo in the 


Triangle 8p I the Angle S F p is called the Angle of 
Elongation, or Diſtance of the Planet from the Sun. 
The Angle Sp T is called the Parallactic Angle, as being 
that under which the Semidiameter of the Earth's Orbit 
is ſeen; and the Angle pS T at the Sun is uſually called 
the Angle of Commutation. | 

g9. We nay now proceed to ſnew the Methods of de- 
termining the Periodical Time of a Planet; which may 
be done either by the Conjunctions or Oppoſitions of 
the Planet to the Sun. 'I hus, for Example, obſerve 
well the Place of Jupiter in the Ecliptic at his Oppo- 
ſition to tte Sun, and alſo when he comes to be in Op- 
poſition to the Sun again; and note well the Time that 
lapſed between. Then ſay, As the Arch deſcribed be- 
tween the two Oppoſitions is to the whole Circumference, ſo 
is the Time in which that Arch was deſcribed, to the Peri- 
edical Time, very nearly; for it will not be exaQly fo, 
becauſe the Motion of a Planet is not quite uniform, as 
moving in an Ellipſis, and not in a Circle, In the ſame 
manner you proceed for an inferior Planet. 

10. But a more accurate Method is by obſerving 
nicely the Time that elapſes between the Planet's being 
twice ſucceſſively in the ſame Node, (which may be 
eaſily known, becauſe in that Part of its Orbit the Pla- 
net has no Latitude) and that will be the Periodical 
Time of the Planet; for in one Revolution of a Planet, 
the Nodes (if they move at all) will not move ſenſibly, 
and may therefore be eſteemed as quieſcent, | 

11. In order to eſtimate the Diſtances of the Planets, 
we proceed for Venus and Mercury in the following Mana- 
ner. Let the Place of the Planet in its greateit Elon- 
gation frony the Sun be duly obſerved, the Difference 
between that and the Sun's Place (as ſeen from the 
Earth) will be the Quantity of the greateſt Elongation, 
er of the Angle A TS, with reſpe to the Planet 


Venus 


107 


47 


ASTRONOMY. 


Venus in her Orbit at A. And ſince the Orbit of Venus 
is nearly circular, the Line T A will touch the Orbit in 
the Point A, and fo the Angle TAS will be a Right 
one. ' Suppoſe the Angle A'T'S = 47 Degrees by Ob- 
ſervation; then if we put the Diſtance of the Earth 
S T = 100000, ſay, As Radius or Sine of go? is to the 
Sine of 4%, ſo is TS = 100000 to SA = 73000, 
nearly the Diſtance of Venus from the Sun. 

12. In like manner may the Diſtance of Mercury 
from the Sun be determined in the groſs, but not ſo 
nearly as that of Venus, becauſe the Orbit is much more 
excentric or elliptical, and therefore the Angle I RS 
will not be a Right one. Its Quantity therefore muſt 
be found from the Theory of the Motions of Mercury 
founded on Obſervations; and from thence the third 
Angle T SR will be known, and conſequently the Side 
S R, which is the Diſtance of Mercury from the Sun. 

13. In the Superior Planets this Matter is not quite 
ſo eaſy; however, there are divers Methods by which 
it may be done, by having the Theory of the Earth 
known, which gives the Side 8 T; and by Obſervation 
the Angle ST P is known, which is the Difference of 
the Geocentric Place of the Sun and Planet; then there 
remains only the Angle SP T to be found, which Aſtro- 
nomers ſhew how to do feveral Ways ; one of which 
is peculiar to Jupiter, being done by, means of one 
of his Satellites, as will be ſhewn when we treat of 
them. 

14. As I have in this Note mentioned the Incli- 
nation of the Planets Orbits to the Plane of the Eclip- 
tic, I ſhall give the Quantity thereof for each Planet as 
follows : F | 


„ 
( is 6 59 20 
Venus — 3 23 
The Inclination of the Orbit of 4 Mars — 1 52 
Jupiter — I 20 
daturn — 2 33 3 


15. Alſo the Line of the Nodes in the ſeveral Plane- 
tary Orbits is determined; and the Place in the Eclip- 
tig of the aſcending Node for each Planet is as follows: 


For 
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1s * N 0 8 

n Mercury in 8 14 42 00 

it Venus — I 14 25 54 

» For Mars — 8 18 29 54 

h | Jupiter — 8 7 19 54 4 
je Saturn — BS 21 49 5 _ 
075 16. The Diſtance of the Planets from the Sun as 


2bove determined are reducible to Exgliſb Miles, by firſt 
* finding the Earth's Diſtance in that Meaſure. And this 
ſo is done by finding the Quantity of the Sun's Parallax, 
re that is, of the Angle under which the Earth's Semidi- 
8 ameter appears at the Sun. Thus let S be the Centre f 
* MW of the Sun, and C the Centre of the Earth DEF in her pj, LIV. 
'y Orbit AB; the Angle DSC is that which we ſpeak of, Fig. 2. 
d as being that under which the Semidiameter CD of the 
le Earth appears at the Sun. | 

17. Jo find this Angle Aſtronomers have attempted 

te Variety of Methods, but have as yet found none that 


h will determine it exactly; however, by many repeated 
h Obſervations of Dr. Halley it is found to be not greater 
n than 12”, nor leſs than 9“. Wherefore 103“ (the 
of Mean) has been fixed upon as near the "I ruth, which 
e we muſt be contented with till May 26, 1761, when 
— Venus will tranſit the Sun's Diſk, by which means the 
h lame Gentleman has thewn the Sun's Parallax may be 
* determined to a great Nicety, vi. to within a 5codth 


Part of the Whole. See Phil. Tranſ. Ne 348, abridged 
by Jones, Vol. IV *. 

18. Suppoling therefore the Angle DS C =10' 20”, 
and the Side DC = 1; then ſay, | 


As the Tangent of DSC 10” 30“ = $5,706764 
Is to Unity DC =1 =; 0,000000 
do is Radius 90 = 10,900000 
To the Side SC=19657,8 = 4,293236 


Then 19657,8 Semidiameters of the Earth multiplied 
by 4000 gives 7863 120 Engiijh Miles for the Diſtance 
of the Sun, | | 
19. Not the Diſtances only, but alſo the Diameters 
of the Planets are to be inveſtigated, by meaſuring their 
apparent 
-» Since the ahove was wrote, bath the Tranſits of Venus have pall-d ; 
vis. that in 1761 and the let in 1769; but nothing ceriain relating ra 


the Sun's Parallax has been deiermined es yet; the Oblctvatiuus on the 
lat Trankt having not been all received. 
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apparent Diameters with a Micrometer adapted to a 
good Teleſcope. Thus the Sun in his mean Diſtance 
will be found to ſubtend an Angle of 32' 12” = 1932 , 
and the Earth at the Sun cubtznts an Angle of 21” (be. 


ing double the Angle D S C.) Therefore the Sun's Di- 


ameter is to the Earth's Diameter as 1932 to 21, that 
is, as 10000 to 109. 

20. Again: Mr. Pound (with the Hugenian Tele- 
ſcope of 123 Feet) found Saturn ſubtended an Angle 
of 16”. Therefore if Saturn were brought to the mean 
Diſtance of the Earth from the Sun, his apparent Dia- 


meter would be increaſed in the Ratio of 954906 
100000 


to1; that is, its Diameter would be ſeen under an Angle 


equal to —.— x 16” 152, 64096. Whence the 
Sun s Diameter is to Saturn's as 1932“: 152, 640906 
: 10000 : 750. 


21. The ſame Gentleman meaſured Jupiter's Aer 
rent Diameter, and found it ſubtend an Angle of 37” 
wherefore Jupiter at the Diſtance of the Earth * * 


6 
ſubtend an Angle equal to 5 x 37” = 192,417. 
Hence the Sun's real Diameter is to that of Jupiter as 
1932” : 192, 417 :: 10000 : 996. 
22. Hugenins meaſured the Diameter of Mars when 
neareſt the Earth, and found it did not exceed 30“; 


and that the Diftince of Mars from the Earth was then 


to the Sun's mean Diſtance as 15 to 41. (See his 
Sy/tema Saturnium.) 'I hereftore Mars removed to the 
Diſtance of the Sun would ſubtend an Angle equal to 


— x 29” = 10,9756. Whence the Diameter of the 


41 
Sun is to that of Mars as 1932“ to 10,9756 :: 10000: 
-7 & 

23. Dr. Halley collected from the Appearance of 
Jenus in the Sun's Ditk, May 2b, 170 that Yenus 
ſeen from the Sun at her mean Diitance would appear 
under an Angle of 30“; conſequentiy, at the Sun's 
mean Diſtance ſhe would appear under an Angle equal to 
13333, „ 20% = 
as * 30” = 21,6999.. Therefore the Sun's real 


Diameter 
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Diameter is to that of Venus as 1932” : 21,” 6992 :: 
$6000: 113%, ö 

24. The ſame learned Gentleman by the like means 
finds Mercury at his mean Diſtance ſubtend an Angle of 


>, l 38210 
20%; and therefore at the Sun an Angle of —— 
„ 20” 7, 742. Wherefore the Diameters of the 
Sun and Mercury are as 1932” : 7,”742 :: 10000 : 40. 

25. There are other Phznomena of the Planets to be 
obſerved, from whence ſeveral important Diſcoveries 
have been made in the Phyſical Part of Aftronomy. 
Thus the Sun and ſome Planets, when viewed with a 
good Teleſcope, appear to have dark Spots on their 
Surface ; by theſe Spots thoſe Bodies are found to have 
a Mation about their Axis, and the Poſition of their 
Axis with reſpect to the Plane of the Ecliptic is by this 
means determined, ; 

26. "Theſe Spots are molt numerous and eaſily ob- 


ſerved in the Sun. It is not uncommon to ſee them in 


various Forms, Magnitudes, and Numbers, movin 
over the Sun's Diſk. They were firſt of all diſcovered 
by the lyncean Aſtronomer Galileo, in the Year 1610, 
foon after he had finiſhed his new-invented Teleſcope. 

27. That theſe Spots adhere to or float upon the Sur- 
face of the Sun, is evident for many Reaſons. (t.) For 
many of them are obſerved to break out near the Middle 
of the Sun's Diſk; others to decay and vaniſh there, 
or at ſome Diſtance from his Limb. (2.) "Their appa- 
rent Velocitics are always greateſt over the Middle of the 
Diſk, and gradually lower from thence on each Side to- 
wards the Pry (3.) The Shape of the Spots varies 
according to their Poſition on the ſeveral Parts of the 
Diſk ; thoſe which are round and broad in the Middle 
grow oblong and ſlender as they approach the Limb, 
— as they ought to appear by the Rules of 

fs. 5 » 

128 By comparing many Obſervations of the Inter- 
vals of Fime in which the Spots made their Revo- 
lutions, by Gal:leo, Caſſini, Scheiner, Hevelius, Dr. 
Halley, Dr. Derbam, and others, it is found that 27 

Days, 

* The apparent Diameter of Venus (meaſured by a Micrometer) ugon 


the Face of the Sun in both Tranſits, was 58" at a Mean. {Sce my 
Treatſe on the Tranfits lately publiſhed). 
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Days, 12 Hours, 20 Minutes is the Meaſure of one of 
them at a Mean : But in this Time the Earth deſcribes 


the angular Motion of 2622“ about the Sun's Centre 


therefore ſay, As 360 + 2622 is to 360%, ſo is 27 d. 
12 h. 20'to25d. 15 h. 16'; which therefore is the Time 
of the Sun's Revolution about its Axis. | 

29. Had the Spots moved over the Sun in right-lined 
Directions, it would have ſhewn the Sun's Axis to have 
been perpendicular to the Plane of the Ecliptic ; but 
fince they move in a curvilinear Path, it proves his Axis 
inclined to the Axis of the Ecliptic ; and it is. found by 
Obſervation, that that Angle is equal to 7 30'; that is, 
if B D paſſing through the Centre of the Sun C be per- 
pendicular to the Plane of the Earth's Equator H I, 
then will the Axis of the 'Sun's Motion A E contain 
with that Perpendicular the Angle A CB = 75* 301 = 
G CI, the Angle which the Equator of the Sun G F 
makes with the Plane of the Ecliptic. 

30. And the Points in which a Plane paſſing through 
the Perpendicular B D and Axis A E cuts the Ecliptic 
are in the 8th Degree of Piſces on the Side next the 
Sun's North Pole A, and conſequently in the 8th De- 
gree of Virgo on the other ſide next the South Pole E. 
Schenier had determined the Angle B C A to be 7 De- 
grees, and Caſſini made it 8 by his Obſervations; which 
is the Reaſon why 72 30“ is choſen for a Mean. 
31. As to the Magnitude of the Spots, it is very con- 
ſiderable, as will appcar if we obſerve that ſome of 
them are ſo large as to be plainly viſible to the naked 


Eye, Thus Galileo ſaw one in the Year 1612, and [ 
Eknov two Gentlemen who have thus viewed them with- 


in 20 Years paſt: Thete Spots therefore muſt ſubtend 
at leaſt an Angle of 1 Minute. Now the Diameter of 
the Earth, if removed to the Sun, would ſubtend an 


Angle of but 20“; hence the Diameter of a Spot juſt 


viſible to the naked Eye is to the Diameter of the 


Earth as 60 to 20, or as 3to 1; anc therefore the Surface 
of the Spot, it circular, to a CI t Circle of the Earth as 


to 1. But the Areas of 4 Great Circles are equal to the 
Earth's Superficies ; whence the Surface of the Spot is 

to the Surface of the Earth as g to 4, or as 24 to l. 
32. Gaſjendus fays, he ſaw a Spot whoſe Diameter 
Was equal to 28 of that of the Sun, and therefore 5 
8 tende 
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tended an Angle at the Eye of 1' 30“; its Surface was 
therefore above 5 times larger than the Surface of the 
whole Earth. What thoſe Spots are, I believe Nobody 
can tell; but they ſeem to be rather thin Surfaces than 
ſolid Bodies, becauſe they loſe the Appearance of So- 
lidity in going off the Diſk of the Sun. They re- 
ſemble ſomething of the Nature of Scum or Scoria 
ſwimming on the Surface, which are generated and diſ- 
ſolved by Cauſes little known to us. 

33. But whatever the Solar Spots may be, *tis cer- 
tain they are produced from Cauſes very inconſtant and 
irregular: For Scheiner in his Roſa Urſina, which con- 


tains near 2000 Obſervations upon theſe Spots, ſays, 


he frequently ſaw 50 at once, but for 20 Years after, 
(viz. between the Year 1650 and 1670) ſcarce any 
appeared. And in this Century the Spots were fre- 


quent and numerous till the Year 1741, when for three 


Years ſucceſſively very few appeared. I ſaw but one 
in all that Time; and now ſince the Year 1744 they 
have appeared again as uſual. 

34. Theſe Macule or dark Spots are not peculiar to 
the Sun; they have been obſerved alſo in the Planets. 


Thus Venus was obſerved to have ſeveral by Signior 


Bianchini, the Pope's Domeſtic Prelate, in the Year 
1726; by which he determined her Revolution about 
her Axis to be performed in 24 Days and 8 Hours; and 


that her Axis is inclined to the Plane of the Ecliptic in 
an Angle of 15 Degrees; and laſtly, that the North 


Pole of this Planet faces the 20:h Degree of Aqua- 


T!UsS, 


35. As in Venus, ſo in Mar, both dark and bright 
Spots have been obſerved-by Galileo firſt, and afterwards 
by Signior Caſſini, Dr. Hook, Miraldi, Mr. Roemer, 


and others. By theſe Spots the diurnal Revolution of 


Mars about its Axis is determined to be 24 Hours and 


40 Minutes; and that the Axis is nearly perpendicular 
to the Plane of its Orbit. 


36. There ſeems to be good Reafon to conclude 


Marti is encompaſſed with a large Atmoſphere z-for 


Caſſini obſerved a Fixed Star, at the Diſtance of 6 Mi- 


nutes from the Diſk of Mars, became ſo faint before 
Vol. III. I Its 
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THESE are all the heavenly Bodies yet 


known to circulate about the Sun, as the 


Centre of their Motions ; and among the 


Planets, there are three which are found 
to have their ſecondary Planets, Satellites, or 
Moons, revolving conſtantly about them, 


as 


its Occultation, that it could not be feen with the naked 
Eye, nor with a Teleſcope of 3 Feet ; though Stars of 
that Magnitude are plainly viſible even in Contact with 
the Moon, which for that Reaſon ſeems to have no 
Atmoſphere. 

37. Jupiter has had his Spots obſervable ever ſince 
the Invention and Uſe of large Teleſcopes; and from 
repeated Obſervations they ſhew Jupiter's Revolution 
about its Axis is in 9 Hours and 56 Minutes. Beſides 
theſe Spots, Jupiter has the Appearance of three Zones 
or Belts encompaſſing his Body, ſometimes more, ſo 
that his Diſk ſeems clouded with them: What they 
are, Nobody yet can tell. The Axis of this Planet 
alſo is nearly perpendicular to the Plane of his Orbit. 

38. Conſidering the large Magnitude of Jupiter, and 
his ſhort diurnal Rotation, the Equatorial Parts of his 
Surface muſt have a prodigious Velocity, which of Con- 
ſequence muſt cauſe him to be of a ſpheroidical Figure 
(as was ſhewn of the Earth). Accordingly Caſſini found 
the Axis of the Equator to be to that of the Poles as 
14 to 15; but Mr. Pound afterwards more exactly de- 
termined them to be as 12 to 13, agreeable to Sir Iſaac 
Newton's Computation. 1 

39. Saturn by reaſon of his great Diſtance on one 
hand, and Mercury by reaſon of his Smallneſs and Vi- 
cinity to the Sun on the other, have not a het had any 
Spots diſcovered on their Surfaces ; and conſequently 
nothing in relation to their diurnal Motions, and Incli- 
nations of their Axis to the Planes of their Orbits, can 
be known. 
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ASTRONOMY. 
as the Centres of their Motions, (CXXXV.) 


K. 


THE 
(CXXXV.) t. Of the fix Primary Planets, we find 


but three that are certainly attended with Moons, viz. 


the Earth, Jupiter, and Saturn; for though Mr. Short 


has given an Account of a Phenomenon that he ob- 


11% 


ſerved ſome Years ago, which ſeems extremely like a 


Moon about Venus, yet as it was never obſerved before 
nor ſince through the beſt of "Teleſcopes, 1 can by no 
means think it was a real Moon: However; that the 
Reader may uſe his own Judgment, I refer him to the 
Account given of it in the Philoſophical Tranſactions. 

2. The Diſtance of our Moon from the Earth is deter- 
mined by her horizontal Parallax, or the Angle which 
the Semidiameter of the Earth ſubtends at the Moon, 
viz. the Angle A O C, which is the Difference between 
the true Place of the Moon's Centre O when in the 
Horizon, and the apparent Place thereof as view'd from 
the Surface of the Earth at A. The former is known 
by Aſtronomical Tables, the latter by Obſervation : 
And the Quantity of this Difference or Angle at a Mean 
is 57 2% AOC. 

3. If therefore we ſay, As the Tangent of 57 12“ is to 
Radius, fois AC=1toCO = 60, I; this will be the 
mean Diſtance of the Moon in Semidiameters of the 
Earth. Therefore ſince one Semidiameter of the Earth 
contains 3982 Miles, we have 3982 x 60,1=239318,2 
= CO the mean Diſtance of the Moon. 

4. The Moon's apparent Semidiameter MO mea- 
ſures (at hex mean Diſtance) 15' 38” = 938” by the Mi- 
crometer, Which is the Quantity of the Angle M C ©; 
The Earth's Diameter therefore is to the Moon's as 


3432“ 199938”, that is, as 109 to 30, or as 3,3 to I: 


Wherefore 185 7964 2 2192 Miles is the Moon's 


Diameter. 8 = 
5. Therefore the Face of the Earth; as it appears to 
the Lunarians, is to the Face of the Moon as it ap- 
pears to us, as 109 & 109 to 30 * 30, Viz. as 11881 to 
1 4 900, 
Ll 


© 


Pl. LIV. 
Fig. 4. 
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TE EARTH, which has only one Moon 
revolving about it in 27 Days, 7 Hours, 43 


Minutes, 
ooo, or as 13,2 to 1. And the real Bulk of the Earth | 
is to that of the Moon as 109 x 109 Xx 109 to 30 x 30 - 
* Jo, viz. as 1295029 to 27000, that is, as 1295 to 
27, or as 48 to 1 very nearly. tl 
6. Sir Iſaac Newton mentions the Atmoſphere about t 
the Moon, but other Aſtronomers think there is Reaſon „ 
(not to ſay a Demonſtration) for the contrary : For were i 

there an Atmoſphere of Air like ours, it muſt neceſſa- 
rily ob{cure the Fixed Stars in the Moon's Appulſe to 8 
them; but it has been obſerved that this never happens; fe 
en the contrary, they preſerve all their Splendor to the C 
Moment of their Occultation, and then diſappear in- 8 
ſtantaneouſly; and in the ſame manner they recover Cc 
their Light, when they appear again on the other Side. be 
And this I am very certain of from the late remarkable » 
Occultation of Jupiter, which 1 obſerved with a good * 
reflecting Teleſcope from the Beginning to the End th 
with all the Attention poſſible, becauſe I was very de- ti 
ſirous to be ſatisfied about that Matter; and all the V 

Phenomena conſpired to convince me, there was no- 
thing like an Atmoſphere about the Moon. of 
7. That the Surface of the Moon is not ſmooth or FS 
even, but diverſified with Hills and Vales, Continents fo 
and Seas, Lakes, Sc. any one would imagine who H 
views her Face through a large Teleſcope. That ſhe A 
has Variety of Hills and Mountains is demonſtrable from 80 
the Line which bounds the light and dark Parts not be- wy 
ing an even regular Curve, as it would be upon a M 


ſmooth ſpherical Surface, but an irregular broken Line, M 
full of Dents and Notches, as repreſented in the Figure: 
Alſo becauſe many ſmall (and ſome large) Might Spots de 
appear in the dark Portion, ſtanding out atſeveral ſmall th 
Diſtances from the boundary Line; which Spots in a W 
few Hours become larger, and at laſt unite with the th 
enlightened Portion of the Diſk. "* a 
LI 8. On the other hand, we obſerve many ſmall Spots M 
interſperſed all over the bright Part, ſome of which 
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Minutes, at the mean Diſtance of about 
240,000 Miles. 

JuPITER 
have their dark Sides next the Sun, and their oppoſite 


Sides very bright and circular, which infallibly proves 
them to be deep, hollow, round Cavities; of which 


there are two very remarkable ones near together on the' 


upper Part, and may be viewed exceeding plain when 
the Moon is about four or five Days old. 

. To meaſure the Height of a Lunar Mountain is a 
curious Problem, and at the fame time very eaſy to ef- 
fe& in the following Manner. Let C be the Moon's 
Centre, E DB a Ray of the Sun touching the Moon's 
Surface in D, and the Top of a Mountain in B. Draw 
CB and C D; the Height of the Mountain A B is to 
be found. With a Micrometer in a, Teleſcope find 
what Proportion tae Diftance of the Top of the Moun- 
tain B from the Circle of Illumination at D, bears to 
the Diameter of the Moon, that is, the Proportion of 
the Line DB to D F; and becauſe D F is known in 
Miles, D B will be alſo known in that Meaſure. 

10. Now admit that D B: DC:: 1:8, as in one 


of the Hills it will be; then D C* + D B* =464 + 1 


'=65 = TB:; whence\/o5 = 8,062 = B C; where- 


fore BC - AC = 8,062 —8 = 0,062 = AB, the 
Height of the Mountain required. Wherefore A C: 
AB ::8: 0,062 :: 8000 : 62. And ſince the Moon's 
Semidiameter A C = 1096 Miles, therefore 8000: 62 
: 1096 : 8, 5 * This Mountain then being 4 
Miles high, is nearly three times higher than the highei 

Mountain on the Earth. 

11. Again, the Cavities are proportionably large and 
deep. I have obſerved Cavities in the Moon more than 
the 100dth Part of the Moon's Diameter in Breadth, 
which is about 200 Miles upon the Moon's Surface ; 
their Depths appear likewiſe proportional, The Lunar 
Cavities therefore prodigiouſly exceed the Height of the 
Mountains; and — the Surſace of the Moon 

3 has 
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Plate 
LEV. 


Fig. 5. 
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JoP1TER is obſerved with a Teleſcopg 
to have four Satellites, which move about 
him 


has but little Similitude to the Surface of the Earth in 
theſe Reſpects. | 

12. Since the Moon's Surface appears to be ſo very 
mountainous and irregular, it has been a Queſtion, haw 
it comes to paſs that the bright circular Limb of the 
Diſk does not appear jagged and irregular, as well as 
the Curye bounding the light and dark Parts? In An- 
ſwer to this, it muſt be conſidered, that if the Surface 
of the Moon had but one Row of Mountains placed 
round the Limb of the Diſk, the ſaid bright Limb would 
then appear irregularly indented ; but Geo the Surface 
is all over mouritainous, and ſince the viſible Limb is 
to be confidered not as a ſingle curve Line, but a large 
Zone, having many Mountains lying one behind ano- 
ther from the Obſerver's Eye, *tis evident the Moun- 
tains in ſome Rows being oppolite to the Vales in others, 


will fill up the Inequalities in the viſible Limb in the re- 


moter Parts, which diminiſh to the Sight and blend with 
each other, ſo as to conſtitute (like the Waves of the 
Sea) one uniform and even Horizon, 

13. Whether there be Seas, Lakes, &c. in the Moon, 
has been a Queſtion long debated, but now concluded 
in the Negative: For in thoſe large darker Regions 


' (which were thought to be Seas) we view through a good 


eleſcope many permanent bright Spots, as alſo Ca- 
verns and empty Pits, whoſe Suadows fall within them, 


- Which can never be ſcen in Seas or any liquid Subſtance. 


'Their dark and duſky Colour may proceed from a Kind 
of Matter or Soil which reflects Light leſs than that of 
the other Regions. | 

14. Theſe Spots in the Moon have continued always 
the ſame unchangeably ſince they were firſt yiewed with 
a Teleſcope; though leſs Alterations than what happen 
in the Earth in every Seaſon of the Year, by Verdure, 
Snow, Inundations, and the like, would have cauſed à 
Change in their Appearance. But indeed, as there are 
do Seas nor Rivers in the Moon, and no Atmoſphere, 
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him in the Tunes and Diſtances follow- 
ing, vix. 
| THE 


ſo of courſe there can be no Clouds, Rain, Snow, or 
_— Meteors, whence ſuch Changes might be ex- 
ed. 

a 5. Since (as we have ſhewn) the mean Diſtance of 
the Moon is about 60 Semidiameters of the Earth, at 
the Diſtance of the Moon one Degree of the Earth's 
Surface will ſubtend an Angle of one Minute, and will 
therefore be viſible ; but ſuch a Degree is equal to 69k 
Miles, therefore a Spot or Place 70 Miles in Diameter 
in the Moon will be juſt viſible to the naked Eye. 

16. Hence a Teleſcope that magnifies about 100 
times will juſt diſcover a Spot whoſe Diameter is 187 
of 70 Miles, or Ig of a Mile, or 3698 Feet: And a Te- 
leſcope that will magnify 1ooo times will ſhew an Ob- 
je& that is but d of a Mile, that is, whoſe Diameter 
is but 370 Feet, or little more than 120 Yards ; and 
therefore wili eaſily ſhew a ſmall Town or Village, or 
even a Gentleman's Seat, if any ſuch there be. 

17. The Time which the Moon takes up in mak- 
ing one Revolution about the Earth, from a Fixed 
Star to the ſame again, is 27 d. 7 h. 43%, which is cal- 
led the Peridical Month. But the "Time that paſſes 
between two Conjunctions, that is, from one New 
Moon to another, is equal to 29d. 12 h. 44 3”, which 
is called a Synodical Month : For after one Revolution 
iS finiſhed, the Moon has a ſmall Arch to deſcribe to 
get between the Sun and the Earth, becauſe the Sun 
keeps advancing forwards in the Ecliptic. Now this 
Surplus of Motion takes up 2 d. 5 h. 1' 3,” which added 
to the Periodical Month makes the Synodical, according 
to the mean Motions. | 

18. The Moon moves about its own Axis in the ſame 
Time that it moves about the Earth, from whence it 
comes to paſs that ſhe always ſhews the ſame Face to 
us: for by this Motion about her Axis juſt ſo much 
of her Surface is turned towards us conſtantly, as by 
her Motion about the Earth would be turned from us. 


I 4 19. But 
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Tun Firſt in 1 Day, 18 Hours, 27 Mi- 
nutes, at the Diſtance of 5 Semidiame- 
7 Ls ters 


19. But fince this Motion about the Axis is equable 
and uniform, and that about the Earth (or common 
Centre of Gravity) is unequal and irregular, as being 
performed in an Ellipſis, it muſt follow, that the fame 
Part of the Moon's Surface preciſely can never be ſhewn 
conſtantly to the Earth : And this is confirmed by the 
Teleſcope, through which we often obſerve a little Gore 
or Segment on the Eaſtern and Weſtern Limb appear 
and diſappear by Turns, as if her Body librated to and 
fro; which therefore occaſioned this Phænomenon to be 
called the Moon's Libration. | | 

20. The Orbit of the Moon is elliptical, more fo 
than any of the Planets, and is perpetually changing or 
variable, both in reſpect of its Figure and Situation; of 
which we {ſhall treat more largely in another Place. 
The Inclination of the Moon's Orbit to the Plane of 
the Ecliptic is alſo variable, from 5 Degrees to 5® 18, 
The Line of Nodes likewiſe has a variable Motion 
fiom Eaſt to Welt, contrary to the Order of the Signs, 
and compieats an entire Revolution in a Space of Time 
a little leis than 19 Years. Alſo the Line of the Ap/ides, 


or of the Apogee and Perigee, has a direct Motion from 


Weſt to Eaſt, and finiſnes a Revolution in the Space of 
about 9, Years. All which will be more copiouſly 
reated of when we come to explain the Phyſical Cauſes 
thereof. | 

21. The Phaſes of the Moon in every Part of the 
Orbit are eaſily accounted for from her different Situa- 


tion with reſpect to the Earth and Sun: For though to 


an Eye placed in the Sun ſhe will always exhibit a 
compleat illuminated Hemiſphere, yet in reſpect to the 
Earth, where that Hemiſphere is viewed in all Degrees 


of Obliquity, it will appear in every Degree from th 


greateſt to the leaſt; ſo that at E no Part at all of, the 
enlightened Surface can be ſeen. At F alittle Part oi 
it is turned towards the Earth, and from its Figure it 
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ters of Jupiter's Body from his Centre, as 
meaſured with a Micrometer. 


THE 


is then ſaid to be horned, At G One-half of the en- 
lightened Surface is turned to the Earth, and ſhe is then 
ſid to be dichotomiged, and in her firſt Quarter or Qua- 
drature. At H a Part more than half is turned to the 
Earth, and then ſhe is ſaid to be gibbeas. At A her 
whole illumined Hemiiphere is ſeen, being then in Op- 
poſition to the Sun; and this is called the Full Moon. 
At 13 ſhe is again gribbous, but on the other Part; at C 
ſhe is again dichotomzed, and in her laſt Quarter; at D 
ſhe is horned, as before; and then becomes zero again 
at E, where ſhe is in Conjunction with the Sun. 

22, If MN be drawn perpendicular to the Line 8 L 
joining the Centres of the Sun and Moon, and OP 
perpendicular to the Line T L joining the Centres of 
the Earth and Moon, tis evident the Angle O LM in 
the firſt Half of the Orbit, and PLN in the ſecond, 
will be proportional to the Quantity of the illuminated 
Diſk turned towards the Earth; and this Angle is every 
where equal to the Angle E T L, which is called the 
Elongation of the Moon from the Sun. 

23. To find what Quantity of the Moon's viſible 


Surtace is illuſtrated for any given Time, we are to con- 
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ſider that the Circle of Illumination B F C is oblique to Pl. LIV. 
the View every where (but at G and A); and therefore Fig. 7. 


by the Laws of the Orthographie Projection (which 
ſee in my Elements of all Geometry) it will be projected 
into an Ellipſe whoſe longeſt- Axis is the Diameter of 
the Moon B C, and the Semi-conjugate is F L = Co- 
line of the Angle of Elongation 4B P. Hence F Þ = 
Verſed Sine of the ſaid Angle. But from the Nature 
of the Circle and Ellipſe we have LP in a conſtant 
Ratio to F P, wherever the Line P O is drawn perpen- 


dicular to B; therefore alſo 2 LP = PO has a con- 


ſtant Ratio to FP. But (by Euclid V. 12.) the Sum 
of all the Lincs OP = Area of the Circle, is te the Sum 
of all the Lines FP = Area of the illuminated Part, as 

| the 
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THE Second in 3 Days, 13 Hours, 13 
Minutes, at the Diſtance of 9 Semidiame- 
ters. 

THE Third in 7 Days, 3 Hours, 42 
Minutes, at the Diſtance of 140 Semidia. 
meters. | 

TRE Fourth in 16 Days, 16 Hours, 32 

Minutes, 


the Diameter of the Circle O to the Verſed Sine of the 
Elongation FP. | 

24. As the Moon illuminates the Earth by a reflex 
Light, ſo does the Earth the Moon; but the other 
Phenomena will be different for the moſt part. I ſhall 
recount them for the Reader's Curioſity as follows, 
(74) The Earth will appear but to little more than 

ne-half of the Lunar Inhabitants. (2,) To thoſe to 
whom the Earth is viſible, it appears fixed, or at leaft 
to have no circular Motion, but only that which re- 
fults from the Moon's Libration. (3.) Thoſe who 
live in the Middle of the Moon's vitible Hemiſphere 
ſee the Earth directly over their Heads. (4.) To thoſe 
who live in the Extremity of that Hemiſphere the Earth 
ſeems always nearly in the Horizon, but not exactly 


there, by reaſon of the Libration. (5.) The Earth in 


the Courſe of a Month would have all the ſame Phaſcs 
as the Moon has. Thus the Lunarians when the Moon 
js at E, in the Middle of their Night, fce the Earth 
at Full, or ſhining with *a full Face; at G it is dicho- 
tomized, or half light and half dark; at A it is wholly 
dark, or Net; and at the Parts between theſe it is 
gibbous. (6) The Earth appears variegated with Spots 
of different Magnitudes and Colours, ariſing from the 
Continents, Iſlands, Oceans, Seas, Clouds, c. (7.) 
Theſe Spots will appear conſtantly revolving about 
the Earth's Axis, by which the Lunarians will deter- 
mine the Earth's diurnal Rotation, in the fame Manner 
as we do that of the Sun. 
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As TRONO M x. 
Minutes, at the Diſtance of 2 54s NT 
ameters. (CXXX VI.) 
SATURN 


(CXXXVI.) 1. GALILEo firſt diſcovered the Satel- 


lites or Moons of Jupiter, in the Year 1610 ; and 
call'd them Medicea Sidera, or Medicean Stars, in Honour 


of the Family of the Medici, his Patrons, The famous 


Piece called Sidereus Nuncius, in which he particularly 
deſcribes the Diſcovery of theſe Stars, he dedicated to 
Cosmus Mxnicis II. the fourth Great Duke of He- 


truria. 


Plane of the Ecliptic, which is the Reaſon why their 
Motion is apparently in a right Line, and not circular, 
as it really is. To underſtand this, let S be the Sun, 
T the Earth in its Orbit T H, I the Planet Jupiter in 
his Orbit AIB, and in the Centre of the four Orbits 
of his Moons. Then, becauſe the Plane of thoſe Or- 
bits does nearly paſs through the Eye, the real Motion 
of the Satellite in the Periphery will be apparently in 
the Diameter of the Orbit, which is at Right Angles, 
to the Line joining the Centre of the Earth and Ju- 
iter. 

3. Thus ſuppoſing the Earth at R, if D C be drawn 
through the Centre of Jupiter perpendicular to R l, the 
Motion of each Moon and their Places will appear to 
be in that Line. Thus if the exterior Moon be at E. 
or F, it will appear to be at I, either upon or behind 
the Centre of Jupiter; if the Moon move from E to 
K, it will appear to have moved from I to L; and 
when it moves from K to C, it will appear to move 
from L to C. Again, while the Satellite moves from 

to M, it will appear to move from C to L; and as 


C 
it goes from thence to F, it apparently moves from L 
to I, 


Thus alſo on the other Side the Orbit, while 


the Satellite deſcribes the Quadrant F D, its apparent 


Motion will be from I to D; and then from to I 
again, as it comes from D to E. | 

4. Whence, ſince this is the Caſe of each Satellite, 
jt appears that while each Satellite deſcribes the remote 


Half 


2. The Orbits of Jupiter's Moons lie nearly in the 
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SATURN has jive Moons; and beſides them 
a ſtupendous Ring ſurrounding his Body, 
whoſe 


/ 


Half of its Orbit CF D, its apparent Motion will be 
direct, or from Weſt to Eaſt along the Line CD ; and 


while it deſcribes the other Half DEC, its apparent 
Motion is retrograde, or from Eaſt to Weſt back again 
along the Line from D to C. So. that each Satellite 
traverſes the Diameter of its Orbit twice in each Re- 
volution. Fl Pen | 

5. The Moons of Jupiter ſeverally ſhew the ſame 
Phaſes to him as ours does to us. They diſappear 
from our Sight ſometimes, ſo that *tis very rare to 
have all the four in View at once; nor is it poſſible to 
know which Satellite in Order you ſee, but from the 
Knowledge of the Theory and Calculation; becauſe 
the remoteſt Satellite may appear neareſt to Jupiter, 
and the contrary, as is evident from a View of the Fi- 
ure. 
1 6. Theſe Moons, like our own, ſuffer an Eclipſe 


every time they come to the Shadow of Jupiter, as at 
F. Alfo, ſuppoling the Earth at T, the Satellite at G 


will undergo an Occultation behind the Body of Jupi- 
ter, as is evident from the Scheme. Again, a Satellite 
will ſometimes loſe its Luſtre as it paſſes over the en- 
lighten'd Difk of its Primary; as when it is at E and N, 
and the Earth in R and 1. Laſtly, one Satellite at 
O may diſappear behind another at K, or cauſe another 
to diſappear behind it at M, 

7. The Obſervations by Teleſcopes have been car- 
ried ſo far as to make it very probable, that all the Sa- 
tellites do really revolve about their own Axis, by means 
of Spots which they have diſcovered to belong to them, 
and which by their Motion cauſe a great Variety in 
the Brightneſs of the Satellites, and ſometimes do al- 
moſt obſcure them: For which ſee Mr. Pound's Obſer- 
vations in Fenes's Abridgement of the Philoſophical Tranſ- 
actions, Vol. IV. p. 307. 

8. By means of Jupiter's Satellites ſeveral noble Pro- 
blems in Natural Philoſophy have an, eaſy and elegant 

. Solution; 
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whoſe Width and Diſtance from Saturn's 
Body are equal, and computed at upwards 
of 20,000 Miles. The Periodical Times 
and Diſtances of the Saturnian Moons 
in Semidiameters of the Ring are 'as fol- 


low: 
Tux Firſt, or inmoſt, revolves about 


Saturn in 1 Day, 21 Hours, 18 Minutes, 
at 


Solution; the Firſt of which is, to determine the Ratio 
of the Velocity of Light. The Manner how this is done 

have elſewhere thewn. See Annot. CXII. The Se- 
cond is, to determine the Longitude of a Place from any 
propoſed Meridian; which is eaſily done by the follow- 
ing Method. Let the Moment of Time in which the 
Satellite enters the Shadow of Jupiter be calculated for 
the given Meridian from Tables of its Motion; then 
let the Moment of Time be well obſerved when this 
Immerſion happens at the proffſed Place; the Dif- 
ference of theſe two Moments turned into Mot'on will 
give the Longitude of the Place for that Meridian, al- 
lowing 15 Degrees for every Hour, 1 Degree for every 
4 Minutes of Time, or 15 Minutes of a Degree for 
every Minute of Time. 

9. The Third Problem is, to find the Diflance of 
Jupiter from the Sun. This is done as follows: Let 
the middle Moment of the Occultation of a Satellite as 
at G be obſerved, and again the middle Moment of the 
following at F; this will give the Time in which the 
Arch GF is deſcribed. Then ſay, As the Time of the 
whole Revolution is to the Time now found, ſo is the 
whole Circle or 360 Degrees to the Degrees and Mi- 
nutes contained in the Arch FG; which is therefore 
the Meaſure of the Angle FIG; or its Equal TIS, 
which is the Parallactic Angle at Jupiter; which being 
known, the Diſtance of Jupiter from the Sun I'S is 
known, by what has been ſhewu in Arnot. CXX XIV, 

(CXXXVII.) 1. 
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ASTRONOMY. 


at the Diſtance of near 2 Semidiameters of 


tae Ring. 

Tre Second in 2 Days, 17 Hours, 41 
Minutes, at the Diſtance of 2; Semidia- 
meters. | 

Taz Third in 4 Days, 12 Hours, 25 


Minutes, at the Diſtance of 31 Semidia- 


meters. 

THE Fourth in 15 Days, 22 Hours, 41 
Minutes, at the Diſtance of 8 Semidia- 
meters. | 

Tre Fifth in 70 Days, 22 Hours, 4 
Minutes, at the Diſtance of 2355 Semi- 
diameters. (CXXXVII.) 


"Tness 


(CXXXVII.) 1: Though Galiles's Teleſcope was 
ſufficient to diſcover WM Jupiter's Moons, it would not 
reach Saturn's, they being at too great a Niſtance. But 
= this ſagacious Obſerver found Saturn, by reaſon of 

is Ring, had a very odd Appearance; for his Glaſs 
was not good enough to exhibit" the true Shape of the 


| Ring, but only a confuſed Idea of that and Saturn 
together, which in the Year 1610 he advertiſed in the 


Letters of this Sentence tranſpoſed: Altiſimum Plane. 
tam tergeminum obſervavi; i. e. I have obſerved Saturn 
to have three Bodies. 

2. This odd Phznomenon perplexed the Aſtronomers 
very much, and various Hypotheſes were formed to re- 
folve it; all which ſeemed trifling to the happy Huge- 
nin, who applied himſelf purpoſely to improve the 
Grinding of Glaſſes, and perfecting long Teleſcopes, 
to arrive at a more accurate Notion of this Planet and 
its Appendage. Accordingly in the Year 1655 he con- 
ſtructed a Teleſcope of 12 Feet, and viewing Saturn 
Giyers times, he diſcovered ſomething like a Ning en- 
| compaſſing 


S. 


ASTRONOMY. 


THESE are the conſtituent Parts of 
the Solar Syſtem, which is now received 
and 


compaſſing his Body; which afterwards with a Tube 
of 23 Feet he obſerved more diſtinctly, and alſo diſ- 
covered a Satellite revolving about that Planet. This 
Hugenian Satellite is the fourth in Order from Saturn. 

3. In the Year 1671 Caſſini diſcovered the third and 
fifth, and in the Year 1686 he hit upon the firſt and 
ſecond, with Tubes of 100 and 136 Feet; but could 
afterwards fee all five with a Tube of 34 Feet. He 
called theſe Satellites Sidera Lodoicea, in Honour of Louis 
l: Grand, in whoſe Reign and Obſervatory they were 
firſt diſcovered. 2 

4. In the Year 1656 Hugens publiſhed his Diſcovery 
in relation to Saturn's Ring in the Letters of this Sen- 
tence tranſpoſed, viz. Annulo cingitur tenui, plans, nnf- 
quam cohæ rente, ad Eclipticam inclinato; that is, Sa- 
turn is encompaſſed by a thin Plane or Ring, no where co- 
bering to his Body, and inclined to the Plane of the Eclip- 
tic. This Inclination of the Ring to the Ecliptic is de- 
termined to be about 31 Degregs by Hugens, Roemer, 
Picard, Campani, &c. though by a Method not very 
dehnitive. 

5. However, fince the Plane of the Ring is inclined 
to the Plane of the Earth's Motion, it is evident when 
Saturn is ſo ſituated that the Plane of his Ring paſſes 
through the Eafth, we\ can then ſee nothing of it; nor 
yet can we ſee it when the Plane paſſes between the 
Sun and the Earth, the dark Side being then turned to 


us, and only a dark Lift appears upon the Planet, which - 


is probably the Shadow of the Ring. In other Situa- 
tions the Ling will appear elliptical more or leſs ; when 
it is moſt ſo, the Heavens appear through the elliptic 
Space on each Side Saturn (which are called the An/#) ; 


pea, a Fixed Star was once obſerved by Dr. Clarke's 
ather in one of them. 


6. The Nodes of the Ring are in 19 45 of Yirge 
and Piſces, During Saturn's Heliocentrie Motion from 


| | i9* 
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and approved as the only true Syſtem 
of the World, for the following Reaſons, 
(CXXX VII.) 

I. Ir 


10 45“ to the oppoſite Node, the Sun enlightens the 
Northern Plane of the Ring, and viciſſim. 
7. Since Saturn deſcribes about one Degree in a 
Month, che Ring will be viſible through a good I cle- 
icope till within about 15 or 20 Days before and after 
the Planet is in the 19% 45 of Virgo or Piſces. The 
lime therefore may be found by an Ephemeris, in 
which Saturn ſeen from the Earth ſhall be in thoſe Points 
of the Ecliptic; and likewiſe when he will be ſeen from 
the Earth in 109 45 of Gemini and Sagittarius, when 
the Ring will be moſt open, and in the beſt Poſition to 
be viewed, 

8. There have been ſome Grounds to conjecture that 
Saturu's Ring turns round an Axis, but that is not yet 
demonſtrable. This wonderful Ring in ſome Situa- 


tions does alſo appear double; for Caſſini in the Year 


i675 obſerved it to he biſected quite round by a dark 
elliptical Line, dividing it as it were into two Rings, 
of „nich the inner one appeared brighter than the outer, 
This was oftentimes obſerved afterwards with Tubes of 


34 and 20 Feet, and more evidently in the Twilight ot 


Moon-Light than in a darker Sky. dee. Phil. Tran. 


abridged, Vol. II. p. 221, 222. & 


(CXXXVIII.) 1. The fagacious Kepler was the firſt 
who diſcovered this great Law of Nature in all the Pri- 
mary Planets, and afterwards the Aſtronomers obſerved 
that the Secondaries did likewiſe regulate their Motions 
by the fame Law. TI have already exhibited the Mathe- 
matical Theory thereof in Annot. XXXIV. II. and 
given an Example in the Earth and Yenus. And that 
the fame Law holds in the Syltem of *7aftiter's and 
Saiurn's Moons, will appear from the following In- 


ſtances. ' 


2. The firſt of Jupiter's Moons is at the Diſtance 
of 28 of Jupiter's Diameters from his Centre, and re- 
volves 


yo! 


As TRONOM x. 


I. It is moſt ſimple, and agreeable to 
the Tenor of Nature in all her Actions; 


for 


volves in 42 Hours. The outermoſt deſcribes its Orbit 
in 402 Hours ; therefore ſay, As 1764 (the Square of 


* . 4913 
42) is to 161604, (the Square of 402) ſo is * 


(the Cube of 24) to nearly _ D the Cube of 72 


or 122, the Diſtance of the fourth Satellite; which an- 
ſwers to Obſervations. 

3. Or thus analytically by Logarithms, Let L = Lo- 
garithm of the Period of the firſt Satellite, L = Loga- 
rithm of any other Satellire's Period, and D and 4 the 
Logarithms of their Diſtances z then will it be 2 L: 
21::3D: 34, and therefore 2 L + 3d = 21 + 3D; 
whence we have d = D + 2 1—4L. For Example; in 
the firſt and ſecond Satellites of Jupiter, Caſſini obſerved 
the Diſtance of the firſt in Semidiameters of 1 
to be 52, whoſe Logarithm is o, 753353. The Pe- 
riods of thoſe Satellites give 31 3 232459, and + L = 
2,1228 51; from whence we get 4 = 0,95509, the 
Number correſponding to which is 9,07, the Diſtance 


of the ſecond Satellite, agreeing wonderfully with Ob- 


ſervation. 

4. Now ſince the Moon turns round the Earth, if 
the Sun did likewiſe perform his Circuit about it, their 
Motions would undoubtedly be regulated by the fame 
Law with all the reſt. But the Period of the Moon is 
27 Days, that of the Sun 365; the Diſtance of the 
Moon 60 Semidiameters of the Earth ; therefore ſay, 
As 729 (the Square of 27) is to 133225 (the Square 
of 365); ſo is 216000 (the Cube of 60) to 39460356, 
the Cube Root whereof 1s 340, which ought to expreſs 
the Sun's Diſtance in Semidiameters of the Earth. But 
we have ſThewn the Sun is really diſtant from the Earth 
near 20000. (See Annot. CXXXIV. 18.) 

5. Admitting the Sun to be at the Diſtance of 20000 


Semidiameters, his Periodical Time would then be more 


Vol. III. K than 
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ASTRONOMY. 


for by the Motions of the Earth all the 
Phenomena of the Heavens are. reſolved, 
which by other Hypotheſes are inexplicable 
without a great Number of other Mo- 
tions, contrary to philoſophical Reaſoning 
by Rule J. | 

II. Ir 


than 450 Years, if its Motion were governed by Ke 
ler's Law, and compared with that of the Moon; for 


as 216000 (So) is to Boo0000000000 ( 20000?) 


ſo is 729 (=27*) to a Number, the Square Root of 
which is 164320 Days = 450 Years nearly, which is 
the Periodical Time of the Sun's Revolution at that 
Diſtance, and moving according to the Univerſal Law. 
6. This beautiful and harmonious Syſtem, or Frame 
of the World, ſufficiently recommends itſelf from the 
Principles of right Reaſon only; ſuppoſing there were no 
ſuch Thing as abſolute Demonſtration attainable in the 
Caſe. It is therefore very ſurprizing to obſerve, how 
few among thoſe Who are not mathematically learned, 
can be induced to believe, and acquieſce in this Doctrine 
of the Earth's Motion, and Stability of the Sun. Co- 
pernicus, above 200 Years ago, mentions the zealous 
Father Lactantius, as ridiculing thoſe who aſſerted the 
Spherical Figure of the Earth. Therefore, ſays he, it is 
not to be wondered at if ſuch Sort of People ſhould ridicule 
us. And whatever the Popes may have ſince decreed, 
tis certain, this Doctrine was ſo far from being then 
reputed heretical and damnable, that this great Man 
dedicated his Book to Pope Paul III. becaufe by his 
Holineſs' Authority, and Learning, he might be ſecured 
again the Calumnies of ignorant Gainſayers ; yea, and 
appealed to his Holineſs at the fame time for the Uſe- 
zuinels of his Doctrine even to the Eccleſiaſtical Re- 
publick. His Words are, Mathemata Mathematicis 


ſeribuntur, quibus & hi meſtri Labores, fi me pact no 


opinie, videbuntuy etiam Reipublice Ecclefiaſtice conducere 


aliguid, cujus Principatum tua Sanctitas nunc tenet. 


I 
( 
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e II. Ir is more rational to ſuppoſe the 
, Earth moves about the Sun, than that the 
huge Bodies of the Planets, the ſtupendous 
Body of the Sun, and the immenſe Fir- 
mament of Stars, ſhould all move round 
the inconſiderable Body of the Earth every 
T twenty-four Hours. 

III. Taz Earth moving round the Sun 
is agreeable to that general Harmony, and 
) univerſal Law, which all other moving 
ot Bodies of the Syſtem obſerve, viz. That 
t the Squares of the periodical Times are as the 
| Cubes of the Diſtances : But if the Sun move 
. about the Earth, that Law is deſtroyed, 
0 and the general Order and Symmetry of 
as Nature interrupted ; ſince according to 
j, that Law the Sun would be fo far from 
e W revolving about the Earth in 365 Days, 
that it would require no leſs than 5196 


0 i A&A. 


e Years to accompliſh one Revolution. 

5 IV. AGAIN: Did the Sun obſerve the 
e a . 

, univerſal Law, and yet revolve in 365 
n Days, his Diſtance ought not to be above 
5 310 Semidiameters of the Earth; whereas 
d it is eaſy to prove it is really above 20000 
; Semidiameters diſtant from us. 

- V. THE Sun is the Fountain of Light 


- and Heat, which it irradiates through all 
4 the Syſtem ; and. therefore it ought to be 
K 2 placed 
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ASTRONOMY. 
placed in the Centre, that ſo all the Pla- 


nets may at all times have it in an uniform 
and equable Manner: For, | 

VI. IF the Earth be in the Centre, and 
the Sun and Planets revolve about it, the 
Planets would then, like the Comets, be 
{corched with Heat when neareſt the Sun, 
and frozen with Cold in their Aphelia, or 
greateſt Diſtance ; which is not to be ſup- 
poſed. 

VII. Ir the Sun be placed in the Centre 
of the Syſtem, we have then the rational 
Hypotheſis of the Planets being all moved 
about the Sun by the univerſal Law or 
Power of Gravity ariſing from his vaſt 
Body ; and every Thing will anſwer to the 
Laws of circular Motion, and central 


Forces: But otherwiſe we are "wholly in 


the dark, and know nothing of the Lon 
and Operations of Nature. 


VIII. Bur happily we are able 1 to give 


not only Reaſon, but demonſtrative Proofs, . 


that the Sun does poſſeſs the Centre of the 
Syſtem, and that the Planets move about. 
it at the Diſtance and in the Order above 
aſſigned: The f of which is, That Mer- 
cury and Venus are ever obſerved to have 
two Conjunitions with the Sun, but no Op- 
poſition ; which could not happen, unlefs 
the 
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ASTRONOMY. 


the Orbits of thoſe Planets lay within the 


Orbit of the Earth, (CXXXIX.) . 
IX. THE 


e ] *. What relates to the Conjunctions 
and Oppoſitions of the Planets will pe eaſily underſtood 


by a Diagram. Let S be the Sub, T' the Earth, V Pl 
Ve 


nus, and M Mercury, in their ſeveral Orbits. Now 
tis evident that when Venus and Mercury are at V and 
they will be ſeen from the Earth 'T in the ſame 
art of the Heavens with the Sun, viz. at W, becauſe 
they are all poſited in one Right Line T W; and this 
js called the Lower or Inferior Conjunction. 
2. Again: When Venus and Mercury come to the 
Situations D and O, they are again in the ſame Right 
Line joining the Centres of the Earth and Sun, and are 
therefore again ſeen in the fame Part of the Heavens 
with him; and this is called the Upper or Superior Con- 
junction. Here 'tis evident, thoſe two Planets muſt ap- 
pear twice in Conjunction with the Sun in each Revo- 
lution, to a Spectator on the Earth at T, which we at 
preſent will ſuppoſe to be at reſt. 
. Hence we have an infallible Proof that the Orbits 
of Venus and Mercury lie both within the Orbit of the 
Earth. Alſo the Orbits of Mars, Jupiter, and Saturn 
muſt lie without the Orbit of the Earth; for otherwiſe 
they could not exhibit the Appearance they do of al- 
ternate Conjunctions and Oppoſitions. Thus let Mars 
be in his Orbit at Y, *tis evident when the Earth | at 
T, that Planet will be ſeen in Conjunction with the 
— 26 and will be then at its greateſt Diſtance from the 
arth. | 
4. But when the Earth is at f between the Sun and 
Mars, *tis plain they muſt appear in oppoſite Parts -of 
the Heavens, becauſe a Perſon at f viewing the Sun at 
S muſt look diredily to the contrary Part to view the 
Planet at Y ; and in this Oppoſition to' the Sun Mars 
is neareſt to the Earth: All which is fo evident from 


the Scheme, and fo exactly agrecable to the Phænomena 


of thoſe Planets in the Heavens, that any Perſon muſt be 


. ſtrangely obſtinate, and incapable of any Sort of Con-, 


viction, 
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IX. Tur ſecond is, That Mars, Jupiter, 
and Salurn, have each their Conjunctions 
= and 


viction, who cannot ſee the Conſtitution of Nature, 
and the Diſpoſition of the Planetary Orbits, are ſuch as 
are above deſcribed, 2 OP | 
5. But farther: If we divide the Diſtance of the 
Earth from the Sun, v:z. the Line S T, into a hundred 
or a thouſand equal Parts, and place the Orbits of V. 
uus and Mercury at the Diſtance of 8 V = 724, and 
S M = 388, and then draw T A, T R, to touch thoſe 
Orbits in the Points A and R; then 'tis plain the Angles 
ATSand R I' 8 will meaſure the greateſt Diſtance at 
which either of thoſe Planets can be ſeen from the Sun; 
becauſe the viſual Ray paſling to the Planet in any other 
Part of its Orbit will lie nearer to the Line IS W, 
and therefore ſhew the Planet nearer the Sun than when 
at A or R. | 
6. Now 'tis found by meaſuring thoſe Angles geo- 
metrically in the Diagram, that the Angle AT 8 = 47 
Degrees, and R T S8 = 20, very nearly; and this agrees 
exaCily with their obſerved greateſt Diſtances or Elon- 
gation from the Sun in the Heavens. Hence it is that 
Mercury is io rarely ſeen, and Venus but at certain Times 
of the \ car; whereas if the Earth were at reſt, and in 
the Centre of the Planetary Orbits, thoſe Planets would 
be ſeen in all Poſitions and Diſtances from the Sun, in 
every 1eſpe&t like the Moon; and therefore 'tis per- 
fectly ſurprizing, how any Man can reſiſt ſuch glaring 
Evidence of I ruth on one hand, and Falſhood on the 
other. 5 
7. We have already ſhewn, that the apparent Mag- 
nitude and Brightneſs of an Object decreaſes as the 


Square Di ance increaſes; therefore the Magnitude of 


Jenus ſeen at V 1s to that as it appears from D in the 
Proportion of 1 D* to T V?, that is, as 1724 to 276, 
or as 36 to 1 nearly. And when Venus is meaſured in 
both thoſe Diſtances with a Micrometer in a Teleſcope, 
the Numbers ſhe the perfect Agreement of this Syſtem 
with Nature itſelf, es ho IT 
. 4 . 8. Thus 
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and Oppoſitions to the Sun, alternate and 
ſucceflively ; which could not be, unleſs : 
their 

8. Thus alſo the apparent Magnitude of Mars, when 
his Diſtance is t V, is to that when his Diſtance is T V, as 
TF to 7; that is, as 2523" to 523˙ or very 
nearly as 25 to 1. And this we know is true in Fact, by 
meaſuring the Planet in both thoſe Diſtances. It is like- 

ife obvious to common Senſe ; for Aar in his neareſt 
Diſtance. appears ſo large that he has been often miſ- 
taken for Jupiter, whereas in his greateſt Diſtance he 
appears ſo ſmall as ſcarcely to be diſtinguiſhed from a 
Fixed Star. 

9. From what has been faid of the Phaſes of the 
Moon, tis eaſy to underſtand that Venus and Mercury 
muſt have nearly the like Appearances. Thus when 
Venus is at V, all her illumined Hemiſphere will be 
turned directly from the Earth, and ſhe will then be new. 
As ſhe paſſes from V to A ſhe will appear horned. At 
A ſhe will ſhew juſt half her enlightened Surface to the 
Earth, and appear biſected, or dichotomiſed. From A to 

ſhe will appear more and more gibbous; and at D 
would appear a Full enlightened Hemiſphere, were it 
not that ſhe. is then loſt in the Sun's Blaze, or hid be- 
hind his Body: All which Phaſes return again in the 
other half of the Orbit. The ſame Thing is obvious 
in Mercury, and Mars ſhews Part of thoſe Phaſes; but 
Fupiter and Saturn appear always with a Full Face by 
reaſon of their very great Diſtance. | 
10. The Appearance of Venus in the Day-time for 
feveral Days together, in ſome certain Years, put the 
ſagacious Dr, Halley on reſolving the following Problem, 
viz. Tofind the Situation of Venus in reſpect of the Earth, 
when the Area of the illuminated Part of her Diſk is a 
Maximum. I ſhall here give the Solution as he has 
propoſed it in the Philoſophical Tranſaftions, Ne 2349; 
and alſo the Demonſtration, which the DoRor omitted, 

11. In orger to this, let S be the Sun, V the Planet _ 
Venus in the Situation required, T the Earth, and T V Pl. LVI. 
her Diſtance ſought, Put TS=a, SV =b, TV =, Fig. 1. 

1 K 4 and 
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their Orbits were exterior to the Orbit of 


” the Earth. | 
; X. In 


and on the Point V with the Radius VT deſcribe the 
Quadrant T A; from T let fall the Perpendicular T B, 
and put BV =4; then AB g Xx - Ad u, the Verſed 
Sine of the Angle TVA. Now (by Euclid II. 12.) 
we have a =Þ A x* + 20 d, whence 4 — 25d b 
+ x*; and by adding 26x on each Side, 4 + 2 bx — 
2bd=6 + 2bx+x*; that is, a + 2by = * + 
2bx +xx=r. Then - =2bu=5; and mul- 
tiplying by 2x we have 4 bxv=2 xs, whence 4bx: 
$3:2x:%vV; that is, 4bx:bÞ +2bx+xx=— :: 
2TV:AB:: the Diameter of a Circle to the verſed 
Sine of the exterior Angle TVA. 
132. But in any Situation B of the Planet Venus the 
Arch of Illumination af is equal to the Arch 5 4, 
which meaſures the exterior Angle 6Bd. And it has 
been ſhewn, that the Area of the whole Diſk of the Planet 
is to the Area of the enlightened Part as the Diameter of 
a Circle to the Verſed Sine of the Arch of Illumination, 
and therefore as 46x to H + 2bx + x* = . | 
13. But the Area of the whole Diſk is every where as 


EZ; therefore, as 4bs * + 2bx + x? — 42 :: 1 
1 - 

b*+ 23 — F 

; LEED, which in all Caſes will be pro- 


portioned to the enlightened Area 'of the Diſk. And 
to determine this a Maximum, its Fluxion mult be = a, 
or the negative Parts thereof be equal to the affirma- 


tive, that is, that 2bx + ZT XT x 4bx* =12bx*; x 
— — — — — 1 
EE +2bx + xx — a*; and dividing all by 46bx*z, the 
Equation becomes 2bx + 24* = 3Þ + 6bx + 3xx 
— 3a. Conſequently 39b + 4bx + xx = 344 
| Whence we get x NV 34a + bb —2b = 427, 
14. If therefore we take 427 from the Scale of equ 
Parts 8 T, and ſet from F to the Orbit of Venus, it 1 
interſect it in the Point; and drawing T x, it will give 


z 


4 
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X. In the third Place, the greateſt Elon- 
gation or Diſtance of Mercury from the Sun 


is 


the Angle x TS = 40 Degrees nearly; which ſhews 
that when Venus is 40 Degrees diſtant from the Sun, 
before and after her Inferior Conjunction with him, ſhe 
then ſhines with the greateſt Luſtre poſſible. 

15. In this Poſition we ſee not much more than Z of 

her Diſk enlightened, and yet ſhe ſhines with ſo great 
a Luſtre as to ſurpaſs the united Light of all the Fixed 
Stars that appear with her, and caſts a very ſtrong Shade 
on the horizontal Plane, and may be Len in the full 
Sun- ſhine of the Day; a Phænomenon very extraordi- 
nary, and which returns but once in eight Vears. 
16. The different Directions in which the Planets 
appear to move in the Heavens is an irrefragable Argu- 
ment of the Truth of the Solar Syſtem ; for in the Pro- 
lomean Syſtem they would be ſeen to move with their 
true or real Motion, and in their Direction according 
to the Order of the Signs from Weſt to Eaſt, in every 
Part of their Orbits, and that always in an equable 
Manner; whereas now we obſerve them move ſome. 
times from Meſt to Eaf?, when they are ſaid to be dire# 
in Motion; ſometimes from Ea/t to Vet, when they 
are ſaid to be retrograde, or to go backwards; and ſome- 
times they appear not to inove at all for a certain Time, 
when they are ſaid to be fationary: And laſtly, the 
Motion of a Planet when direct is always much flower 
than when it is retrograde. 

17. Now all theſe Phenomena are not only expli- 
cable by, but neceſfarily follow from, the Copernican 
Theory. Thus with reſpect to the Planet Mercury, 
when at R he will appear at his greateſt Diſtance from 
the Sun among the Stars at Q, being ſeen in the Line 
TQ but as the Planet paſſes from R by N to O, the 
viſual Line 'T Q will continually approach the Line TW, 
in which the Sun appears at W; and when the Planet 
is come to D it will be in Conjunction with the Sun, 
and will have apparently deſcribed the Arch QW in 
the Heavens, After this, while the Planet moves from 


O to Z 


* 
i 
Ly 
P 
4 
| 
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is but about 20 Degrees, and that of Ve- 
aug but about 47; which anſwers exactly 
to 


O to L, it will appear to go in the Heavens from WW 


to X, {till the fame Way as before; and becauſe its 


apparent Motion agrees with the true, it is all this while 
direct. | | | 
18. But when the Planet moves from Z to M, the 


Ray TX will return, and deſcribe the Arch X W back 


again; and ag the Planet moves from M to R, the vi- 


ſual Ray will keep moving on from W to Q; and fo in 


the Paſſage of the Planet through the Part of its Orbit 
ZMR it will appear to move in the Heavens through 
XWAQ, the ſame Arch as before, but in a retrograde 


| Direction. 


19. Now becauſe the Tangent Line or viſual Ra 


TQ or TX coincides as to Senſe with the Orbit of the 


Planet for a ſmall Diſtance on each Side the Paints R 
and Z, as from a to h, and from c to q; therefore the 
Planet when it arrives at à will appear to move in the 
Tangent from à to b, during which time it will be ſeen 
in the ſame Right Line Q, and conſequently in the 
ſame Point Qin the Heavens: So that in its Motion 
from a to b it muſt appear /ationary, or without auy Mo- 
tion; and the ſame is to he obſeryed in moving from 
c to d, when the Planes is in that Part of its Orbit, 

20. Hence we obſerve, that in Mercury and Venus 
the Places R, Z, and A, G, of their greateſt Elonga- 
tion are thoſe in which they are Hationary. It is in 
theſe two Points that we can at any time ſee Mercury; 
and it is in thoſe Points that we ſee Venus ſuch a glori- 
ous Morning-Star or Phoſphorus at A, and ſuch a ſplen- 
did Evening-Star or Heſperus at G. Hence we obſerve, 
that from the Time Venus is a Morning-Star in her 

reateſt Elongation at A, to the Time of her being an 
Erening-Star in her greateſt Elongation at G, ſhe is di- 
rect in Motion: Conſequently, half the Time of her 
peing a Morning or Evening- Star ſhe is direct, and the 
pther half retrograde. 8 . 
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to their Diſtances in the Syſtem above 
aſſign'd: But in the Prolomean Syſtem, they 


might 


21. Alſo it is eaſy to obſerve, that ſince the ſame 
Arch Q X is deſcribed in Times very unequal, viz. in 
the Times the Planet deſcribes the very unequal Parts 
of its Orbits ROZ and Z MR, the Velocity of the 
Motion in the former Caſe muſt be much leſs than that 
in the latter; that is, the Planet when dire moves ap- 
parently much flower than when it is retrograde. 

22. If we conſider the Diſpoſitions of the Orbits of 
the ſuperior Planets, we ſhall obſerve the ſame Phæno- 
mena of them alſo. Let S be the Sun, ACH the Earth's Plats 
Orbit, I M K that of Mars, and O L Q the Firma- LVI. 
ment of Stars. Through Mars at M draw QMG Fig. 2. 
and O M C, ta touch the Earth's Orbit in G and C. 
Then becauſe the Earth and Mars do both move the 
ſame Way, but the Earth very quick in reſpect of Mars, 
all the Phænomena will be the very ſame if we ſuppoſe 
Mars to be at reſt, and the Earth to move with the Dif- 
ference of their Velocities. 

23. Let Mars then be at reſt in M, and the Earth 
begin her Motion from G. At G the Planet will be 
ſeen in the Line G Q, among the Stars at Q. When 
the Earth is at H, Mars will be ſeen in the Line HP, 
among the Stars at P. In the ſame Manner, at A, B, 
and C, the Planet will be projected to the Points L, 
N, O, in the Heavens Therefore while the Earth 
deſcribes the Part of its Orbit G A C, Mars will appear 
to move through the Arch of the Heavens Q LO; 
which being from Weſt to Faſt is according io the 
Order of the Signs, and the Planet will be direct in 
Motion. | 

24. But as the Earth proceeds from C to D, Mars 
will appear to move from O to N; and as the Earth 
goes on through E, F, to G, Mars will appear to re- 
turn by L, P, to Q, and ſo meaſure back again the 
ſame Arch as before: And thus during the Earth's Paſ- 
ſage from C to G, this Planet will appear retrograde ; 
Which therefore muſt always be the Caſe when he is in 

GR Eg | Oppoſition 
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might and would ſometimes be ſeen 180 
Degrees from the Sun, viz. in Oppoſition 
to him. 

XI. FourTHLY, 


Oppoſition to the Sun and neareſt to the Earth, as in 


Conjunction he is always direct in Motion; and when 


the Earth is in G or C, the Planet muſt appear for ſome 
Time ftationary, for the Reaſons mentioned in Art. 19. 
The ſame may be fhewn of Jupiter and Saturn; but as 
the Earth has a much greater relative Velocity in re- 
ſpect to Jupiter than it has with reſpect to Mars, the 
Times of the Conjunqtions and Oppoſitions, as alſo of the 
prog reſſive and regreſſive Motions, will be more frequent 
in Jupiter than in Mars, and for the ſame Reaſon will 
happen oftener in Saturn than in Jupiter. 

25. Again: Another Phænomenon, which infallibly 
proves the Truth of the Coperntcan Syſtem, is, that 
Venus and Mercury ſuffer an Occultation behind the 
Sun's Diſk, when they are in the remoteſt Parts of 
their Orbits, as at D and O; but this can never happen 
in the Ptolomean Hypotheſis, becauſe there the Orbit of 
the Sun is ſuppoſed exterior to the Orbits of thoſe two 
Planets. | 
26. All theſe Phænomena of the Planets plainly prove, 
that the Earth holds that Place in the Heavens which 
the prefeat Philoſophy aſſigns her; but to ſhew more- 
over that ſhe has not only a Place among the Planets, 
but likewiſe that ſhe is carried in the fame Manner 
with them about the Sun, we need only obſerve, that 
the Times in which theſe Phænomena happen to the 
Planets. are no ways ſuch as they would be were the 


Earth at reſt, but ſuch as they muſt neceſſarily be ſup- 


ays. 
| _ For Example: Suppoſe Yenus at any Time in 

Conjunction with the Sun at V, then were the Earth at 
reſt at I, that very Conjunction would happen again 
when /enus had made juſt one Revolution, that is, in 
225 Days; but every one knows this is contrary to 
Experience, for a much longer time than that lapſes 
I | | between 


2 the Earth's Period about the Sun to be in 3654 
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XI. FourTHLY, In the Diſpoſition of 
the Planets they will all of them be ſome- 
times much nearer to the Earth than at 
others; the Conſequence of which is, that 
their Brightneſs and Splendor, and alſo their 
apparent Diameters, will be proportionally 
greater at one Time than another: And 
this we obſerve to be true every Day. Thus 

the 


between two Conjunctions of the ſame: Kind; as there 
evidently muſt, if we ſuppoſe the Earth to have a Mo- 
tion towards the ſame Parts in the ſame Time ; becauſe 
then, 'tis plain, when Venus comes again to V, the 
Earth will have paſſed in that Time from T to ſome 
other Part of the Orbit, and from this keeps moving 
on till Venus gets again between it and the Sun. 

28. What this Surplus of Time is, may be eaſily 
eſtimated, by ſuppoſing the Earth to be at reſt in her 
Orbit, and Venus to move with the Difference of their 
mean Motions. Thus the daily mean Motion of the 
Earth is 507 8”, and the daily mean Motion of Venus 
is 1 36 8“. The difference of theſe mean Motions 
is 37“; therefore ſay, As 37' is to the whole Circle or 
3b0? = 21600!, ſo is one Day to 583 Days, the Time 
between two Conjunctions as required, viz. 1 Year 
and 218 Days, in which Time Venus performs a little 
more than 24 Revolutions. In the fame Manner the 
Time may be found for any of the other Planetary Con- 
junctions, Oppoſitions, Stations, Retrogreſſions, &c, 

27. Theſe Arguments are plain, and eaſy to be un- 
derſtood ; moſt of them require no more than com- 
mon Obſervation, that is, in other Words, common 
Senſe. To be ignorant of the Truths here ſpecified, 
is to ſhew an unaccountable Inattention to the moit 
obvious and glaring Phænomena of Nature: And if 
People are not convinced by thefe Proots, it is not 
becauſe they cannot, but becaule they will not; and there- 
ture, Si Populus vult decipi, decipiatur. 
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the apparent Diameter of Venus, when great- 
eſt, is near 66 Minutes, but when leaſt 
| not more than 9 Minutes and a half; of 
© Mars, when greateſt, it is 21 Minutes, but 
when leaſt no more than 2 Minutes and a 
half; whereas by the Prolomean Hypotheſis 

they ought always ts be equal. 

XII. Tas f/th is, That when the Planets 
are viewed with a good Teleſcope they ap- 
pear with different Phaſes, or with different 
Parts of their Bodies enlightened. Thus 
Venus is ſometimes new, then horned, after 
that dichotemiſed, then gibbous, afterwards. 
full; and ſo increaſes and detreaſes her 
Light, in the ſame Manner as the Moon, 
and as the Copernican Syſtem requires: 

XIII. Tas foxth is, That the Planets all 
of them do ſometimes appear direct in 4 
Motion, ſometimes retrograde, and at other 
Times flationary. Thus Venus, as ſhe paſſes 
from her greateſt Elongation Weſtward to 
her greateſt Elongation Eaftward, will ap- 
pear direct in Motion, but retrograde as ſhe 
paſſes from the latter to the former ; and 
when ſhe is in thoſe Points of greateſt 

i Diſtance from the Sun, ſhe ſeems for ſome 
: time flaticnary : All which is neceſſary up- 
| on the Copernican Hypotheſis, but cannot hap- 
if pen in any other. | 


| XIV. Tas 
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XIV. THE ſeventh is, That the Bodies of 


Mercury and Venus, in their lower Con- 


junctions with the Sun, are hd behind the 


Sun's Body; and, in the upper Conjunc- 
tions, are ſeen to paſs over the Sun's Body 
or Diſk in Form of a black round Spot : 
Which is neceſſary in the Copernican, but 
impoſſible in the Prolomean Syſtem. 

XV. Tux eighth is, That the Times in 
which theſe Conjunctions, Oppoſitions, Stations, 
and Retrogradations of the Planets happen, 
are not ſuch as they would be, were the 


Earth at reſt in its Orbit; but preciſely 


ſuch as would happen, were the Earth to 
move, and all the Planets in the Periods 
above aſſigned them: And therefore this, 
and no other, can be the true Syſtem of the 
Mord; and it will ftand the eternal Teſt 
of future Ages; for, MIGHTY IS THE 
Fok CE of TRUTH, AND SHALL PREVAIL, 

Bor though the Planets all move round 
the Sun in Orbits commonly ſuppoſed cir- 
cular, yet are they not exactly ſo, but ellip- 
tical, or in Form of an ErLL1ests, which 


Figure 1s vulgarly called an Oval, as AB 
PD, deſcribed about two Centres 8, F, 


called the Foci, or Focal Points of the El- 
lipſe. The Point C is the Centre; AP 
the Axis, or longeſt Diameter ; and B D 


the 
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the ſhorteſt Diameter: And in one of 
theſe Focus's, viz. S, the Sun is placed, 
about which the Planet moves in the Orbit 


ABPD. (CXL.) 
HENCE, 


(CXL.) 1. We have hitherto conſidered the Phæno- 
mena of the Heavenly Bodies without regard to the ac- 
curate Form of their Orbits, which is not circular, but 
elliptical; yet that it is very little ſo even in the moſt 
eccentric Orbit, as that of Mercury, will appear b 
comparing their Eccentricities with their mean Diſ- 
tances from the Sun. Thus ſuppoſe the mean Diſ- 
tance of the Earth from the Sun be divided into 1000 
equal Parts, then in thoſe Parts we have, 


In Mercury, CS: DS:: Bo: 387 :: 1: 4,84 
JJ ©: 32 .:: ©: 166.6 
Ss ES: HS 9: 2000: 1:90 
rs, : It; 21094-:<'1.: 1668 
Jupiter, CS:DS:: 250: $5201 :: 1: 20,8 
Saturn, - CS:DS:: $47: 9538 :: 1: 19,4 


2. It is found by Experience that the Orbits of the 
Planets are quieſcent, or that the Line of the Apfides 
AP always keeps one and the ſame Poſition with re- 
ſpect to the Fixed Stars: And the Apbelium, of Point 
A, poſſeſſes different Points in the Ecliptic in the ſeve- 
ral Orbits as follows. 

| 8 * 


9 * 

In Mercury, 7 12 44 O0 | In Mars, w o 31 54 
Venus, & 4 19 54 | Jupiter, & 9 9 54 
Earth, wp 8 1 10 Saturn, 1 27 49 54 

3. That the Earth's Orbit is elliptical, is well known 
from common Experience; for were the Orbit circular, 
the Sun's apparent Diameter would always be the ſame ; 
but we find it is not; for if it be meaſured with a Mi- 
crometer iti Winter-time, it will be found conſiderably 
larger than in the Summer, and it will be greateſt of 
all when the Sun is in the 8* of w, (which ſhews that 

| 15 
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N Hence, when the Planet is in the Point 
P, it is neareſt the Sun, which Point is, 
| for 


is the Place of the Aphelium) it being then 32“ 47”; 
| whereas when the Sun is in the 8? of &, his Diameter 
is but 31 40. 
4. Hence it is evident that the Sun is really nearer 
N to us in the Midſt of Winter than in the Midſt of Sum- 
. mer; but this ſeems a Paradox to many, who think 
. the Sun muſt needs be hotteſt when it is neareſt to us, 
and that the Sun is apparently more diſtant from us in 
December than in une. As to the Sun's being hotter, 
'tis true it is ſo to all thoſe Places which receive his 
Rays directly or perpendicularly; but we find his Heat 
abated on account of the Obliquity of the Rays, and 
his ſhort Continuance above the Horizon at that Time. 
h And as to his Diſtance, it is only with reſpect to the 
Zenith of the Place, not the Centre of the Earth; ſince 
it is plain, the Sun may approach the Cen're of the 
Earth, at the ſame time that it recedes from the Ze- 
nith of any Place. 
5. Agreeable to the Sun's nearer” Diſtance in the 


- Winter, we obſerve his apparent Motion is then quicker 

r than in Summer; for in the 8 of yp it is about 61“ per 

. Day, but in the 8 of @ his Motion is but 57 per 

t Day. Accordingly we find Summer Half-Year 

. 8 Days longer than the Winter Half-Year, as appears by 

the following Computation. 

A Suuner Half-Year includes Wi nTtH R Half-Year includet 
Is March 9 Days. In September 6 Days. 

F . 

q =—_—_ 30 October 31 

; ay 31 November 30 

2 30 December 31 

uly 31 anuary JI 

, » Auguſt 31 ebruary 28 

. September 24 March ah 

a Summer-Half x86 I 

; Winter-Half 178 — I 

: The Difference 8 Days. 


Vor. III. L | 6. For 


for that Reaſon called the Perihelion : Here, 


ASTRONOMY. 


therefore, the Attraction of the Sun is 
ſtrongeſt, 


6. For the Sun's attracting Force being one Part ef 
the Cauſe of the Planet's Motion, and this Force al- 
ways increaſing and decreaſing in the inverſe Ratio of 
the Squares of the Diſtances, *tis evident the Velocity 
of the Planet will always be greater the nearer it is to 
the Sun, and vice verſa. Hence the Motion of a Pla- 
net is every where unequable, being conſtamtly accele- 


rated as it paſſes from A by D to P, and in the other 


Half from P to A it is retarded. 

7. Yet is this unequal Motion of a Planet regulated 
by a certain immutable Law, from which it never varies, 
which is, That a Line drawn from the Centre of the Sun 
to the Centre of the Planet does ſo move with the Planet 
about, the Sun, that it deſcribes elliptic Areas always pro- 
portional to the Times, That is, if when the Planet 
moves ſloweſt it deſcribes the Arch A a in a given Time, 
and when it moves quickeſt it deſcribes the Arch b P in 
the ſame Time, then will the trilineal Area A S à be 
equal to the other trilineal Area S P. 

8. To demonſtrate this, let the Time in which the 
Planet moves through the Periphery of its Orbit be di- 
vided into equal Parts, and ſuppoſe that in the firſt Part 


it deſcribed any Right, Line A B, by the Projectile 


Force in any Direction and the Centripetal Force con- 
jointly; then in the ſecond Part of Jime it would pro- 
ceed in The. fare Right Line to c, if nothing prevented 
ſo that Bc = A B, as is manifeſt from the firſt Law of 

Hons, $6370) 

9. Draw the Right Lines 8 B, S c, and the Tri- 
angles A B S and Be S will be equal, as having equal 
Baſes A B, Bc, and the ſame Altitude of the Vertex 
S. But when the Body comes to B, let the centripetal 
Force act with a as Th either equal to the for- 
mer or unequal, and let it cauſe the Body to decline from 
the Right Line Be, and deſcribe the Right Line B C; 
draw Cc p.rallel to B 8, meeting BC in C; and at 

f the 
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ſtrongeſt, his Light and Heat greateſt, and 


his apparent Diameter largeſt ; and in this 


Point 


the End of the ſecond Part of Time the Body will be 
at C, and in the ſame Plane with the Triangle A'S B. 
Join S C, and becauſe of the Parallels S B, C c, the 
Triangle 8 B C will be equal to the Triangle 8 B c, 
and therefore equal to the Triangle 8S A B. By the 
ſame Way of Reaſoning, if the centripetal Foree act 
ſucceſſivei in the Points C, D, E, cauſing the Body in 
each equal Part of Time to deſcribe the Right Lines 
CD, DE, E F, Sc. the Triangles 8 C D, SD E, 
S EF, Sc. will be equal, and all in the fame Plane. 
10. In equal Times, therefore, equal Areas are de- 
ſcribed ; and by Compoſition of Ratios, any Sums of 
Areas SADS,SAFS, are to each other as the Times 
in which they are deſcribed. Let now the Number of 
Triangles be increaſed, and their Breadth be diminiſhed 
in infinitum ; then will their Perimeter A D F be ulti- 
mately a Curve: And therefore the centripetal Force, 


by which the Body is drawn perpetually from the Tan- 
gent of this Curve, acts inceſſantly ; and the Areas de- 


{cribed are alſo in this Caſe proportional to the Times 
of their Deſcription.”  _ : | 80 

11. Hence the Velocity of the revolving. Body or 
Planet is every where inverſely as the Perpendicular 
let fall from the Centre S to the Tangent of the Orbit 
in the Place of the Planet. For the Velocities in the 
Points A, B, C, &c. are as the Baſes of the Triangles 
AB, BC, CD, Cc. as being the Spaces deſcribed in 
the ſame Lime; and the Baſes of equal I ranges are 
reciprocally as their perpendicular Altitudes; and there- 


fore ſince in the evaneſcent Triangles A SB, ASC, Cc. 


the Right Lines Ac, B d, Ce, Sc. become Tangents to 
the Curve in the Points A, B, C, Cc. tis maniteſt the 


„ 


1 in thoſe Points will be inverſely as a Per- 


pendicular from S let fall upon thoſe Tangent Lines 
produced, th 
12. Hence alſo it follows, that the Times in which 


equal Arches are deſcribed in any Planetary Orbit are 
L 2 directly 
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As TRONO Mx. 


Point the Planet muſt conſequently move 
with the greateſt Velocity. But in the 
Point 


directly as thoſe Perpendiculars, becauſe they are in- 
verſely as the Velocities. 

13. If two Chords of very ſmall Arches deſcribed 
in the ſame Time AB, BC, and DE, E F, be com- 
pleated into the Parallelograms AB CV and FE DZ, 
and the Diagonals BV and E Z be drawn; then will 
thoſe Lines tend to the Sun or Centre 8, oh be pro- 
portional to the centripetal Force ; For the Motion B C 
and E F is compounded of B V, Be, and E Z, E/; 
but BV = Cc, and EZ = F; but Ce and F f were 

enerated by the Impulſes of the centripetal Force in 
5 and E, and are therefore proportional to them; and 
conſequently ſo are B V and k Z. 

14. Draw the Diagonal A C, and it will biſect the 

Line BV in 6; conſequently the Sagitta B b is as the 


_ centripetal Force by which the Arch A B C is deſcribed, 


whoſe Chord is A C. 


Pl. LVI. 15. Hence if a Body revolve in any Curve A Py 


Fig. 5. 


about an immoveable Centre S, the Force in any Point 


} | QR 
P will be to that in any other Point p as FP TNT. 
gr 


to 7 77 for the Sagitiæ QR, qr, (which call 


8, 5,) are as the centripetal Forces (F, f,) in P and 5. 
when the Times (T, t,) are given, (by the laſt) that 


is, 8: .: F: 7. But when the Forces are given, the 


Sagittæ will be as the Squares of the Times, viz. S: 5:: 
TT: tt. Therefore when neither the Times nor the 


| Forces are the ſame, it will be S:s::F xT*:f x7; 


and .— ; — : F: . And becauſe the elliptic Areas 


S QP and 8 9 are as the Times in which they are de- 
ſcribed, therefore when the Arches'P Q and p are in- 
definitely ſmall, we have T:t::4SPxXQT:45Sp 
Xqt::SPxQT:Sp x gt. Conſequently we have, 


: „ 4 %* 

28 F fi; — FE 
SFE 
nd” * 

8 . 
1 5 5 

. 

= TR 

. 

ths 

- 

. 2 1 


et 


computing the Value of the Expreſſion 
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Point A, where the Planet is fartheſt diſ- 
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tant from the Sun, (for that Reaſon call'd 


the 


16. Let 8 V be a Perpendicular let fall from $ upon 
the Tangent PR produced; then will the centripetal 


Force be as becauſe the Rectangle SY x 
QP =SPxQT ; for the evaneſcent Arch QP is co- 


incident with the Tangent P R, and may therefore be 


eſteemed as the Baſe of the Triangle S PQ, whoſe 
Area is either 48 PN QT, or IPN ST; there- 


fore S PN QT =QPxXSY, Which was to be 


ſhewn. 


17. If the Orbit were a Circle, as PQV F, and Pl. LVI. 


PV a Chord drawn through the Centre of Force 8; 


then drawing the Chord QM in ſuch Manner as it may 


be biſected in K by the Chord PV, we have Q K*'= 


VK P K, (by Euclid, III. 35.) but in the vaniſhin 
State of PK it wil be VK = VP, and QR =P 
(by Art. 13.) alſo Q K = QP, therefore QP* =V Þ 


„QR, and PV ===; whence, in this Caſe, the 
QR 
central Force will be inverſely as S Y* x PV. 
13 1 
18, Wherefore, ſince the Velocity is as IF? we have 


S Y* as the Square of the Velocity inverſely ; therefore 
the centripetal Force is as the Square of the Velocity 
directly, and the Chord P V inverſely. | 

19. Hence if the curvilinear Figure APQ be given 
and any Point S to which the centripetal Force is con- 
tinually directed, the Law of the centripetal Force may 
be found, by which any Body P perpetually drawn from 
a right- lind Courſe ſhall be detain'd in the Perimeter of 
that Figure, and by revolving ſhall deſcribe it, _ by 
SP*xQ T> 
or of 8 ** * P TX. 


Fig. 6. 


20. For Example: Let a Body P revolve in the Cir- 


eumference of a Circle, tis required to find the Law of the 
a. centripetal 


Pl. LVI. 
Fig. 6, 


Fig. 7. 


Diſtance from the Sun. 


ASTRONOMY, 


the Aphelion) every thing is juſt the reverſe: 
And in the Points B or D it is in its mean 


Now 


centripetal Force tending to any given Point 8. Let Y 
be a Tangent in the Point P, and S Y the Perpendicu- 
lar, ad VP the Chord paſſing through S. tVA 
be the Diameter of the Circle, and join A P. Then is 
the Triangle 8 VP ſimilar to the Triangle VAP; as 
may be ſhewn from £ucl. III. 32. Therefore AV: 


n conſequently : s V, and ſo 
2 7 : . 
r _ dY* „ PV, which therefore is as the 


centripetal Force inverſely ; but becauſe A V* is a given 
Quantity, we have the ſaid Force reciprocally as S Pa 
x P V3, | 

21. Again: Let it be required to find the Law of the 
centripetal Force by which a Body is moved, ſo as to de- 


ſcribe the equiangular Spiral P Q'S about the Centre S. 


In this Caſe all the Angles are given in every trilineal 
Area S QP, and therefore alſo the Ratio of all the Sides 


in the Figure 8 PR QT; therefore the Ratio of = 


is given, whence = xQTisas QT; that is, (be- 
cauſe of the given Ratio of QT to PS) _ is as 8 P. 
And this Ratio will be conſtant, let the Angle PS Q be 
changed in any Manner whatſoever: For let QR = a, 
when the Angle PSQ is conſtant, and QT]; but 
when it is variable, let QR =x, and Q T = y; then 
(by Lem. 11. of Princip.) it will be a: K:: : 9, 
2 2 "2 - 

whence 2 — ; which ſhews that GY will 

5 QR 
always remain the ſame as at firſt, viz as 8 P. There- 


. 
fore 8 will become S P; conſequently the 


centripetal Force Q R will be inverſely as 8 Ps. 
422. &a 


0 
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Now though the Planetary Orbits are 
really elliptical, yet is the Eccentricity C8, 
— / in 


22. Let a Body revolve in an Ellipſis APO, by a Force 
every where directed to the Centre C # is — 2 to fred Pl. LVE. 
the Law of that Force, Let Q be drawn parallel to Fig. 8. 
the Tangent PR, and P F perpendicular to K C; and 
parallel to P F E. C the reſt as before. The right- 
angled Triangles Q TV and PF C are fimilar ; for the 
Angle Qu C = P CF, (by Euclid, XXIX. 1.) there- 
ore QI: Q:: pF: PG; and Q T x PC = Q 
„ PF. BuQT xPC is equal to twice the Tri- 
angle PQC, which is a conſtant Quantity, as being 
proportional to the conſtant Particle of Time in which 
it is deſcribed. Alſo in the Ellipſis DK „ PF is a 
conſtant Quantity (per Conics). Therefore DC xP F 
is to QT x PC, or Q x PF, chat is, DK to Q 

in a given Ratio, wherever the Point P is taken in the 
Ellipſis. Hence alſo the Ratio of D N to Q is a 
conſtant one: But in the Elliphs D K* : Q:: PG: 
Py x vG (per Conics.) Now becauſe A = QR, 
and the Difference between G v and GP is infinitely 
ſmall, therefore Pu x v»G = QR x PG; whence PG* 
is in a conſtant Ratio to PG x QR, that is, QR or 
the centripetal Force is every where in a conſtant Ratio to 
P G, or to PC, the Diſlance from the Centre. © 

23. Hence if the Centre C of the Ellipſis were to 
go off to an infinite Diſtance, the Ellipſis would be 
changed into a Paralela, in which the Body would 
move, and the Force now tending to a Centre at an in- 
finite Diſtance would become equable, or the ſame with 
Gravity, according to the Theory of Galileo. And if 
the Parabola ſhould be changed into an Hyperbola, the 
Body would move in that Curvg by the fame Law of 
the —— now changed from a centripetal to a centri- 

fugal one, becauſe now it cauſes the Body to recede fram 

the Centre. 

24. Laſtly: Let it be required to find the Law of the Plate 
Force tending to one of the Foci of an Hllipſis. Draw 8 P LVIL 
to the Focus 8, and P H to the Focus H, and HI pa- Fig 1. 


ws rallel 


As TRONOM y. 


'n moſt of them, ſo extremely ſmall, as to 
be almoſt inſenfible ; and therefore their 
55 Motions 


rallel to DK. Now becauſe CS = CH, we have 
S ES EI; and becauſe the Angle HP Z = SPR, 
(per Conics) and HI parallel to PR, therefoge the 
alternate Angle PHI PI, and ſo PI = P H; con- 


ſequently EP = — — * = AC, from the Geneſis 
of an Ellipſis. Let the Latus Ręctum of the Ellipſis be 
* 1 , (becauſe 2 AC: 2B C:: 2B C: L) and 


Qu interſect PS in x. Then becauſeQR =P x, and 
the Triangle P v ſimilar to the Triangle PE C, we 


have PN: Py;: PE (= AC): PC; therefore QR: 


Po: AC: PC L. QR: LS PD. (Theorem I.) 
Again, I. x PD: GY DPL; Gr. (Theorem II.) 
Allo, Gov NP: Qνο :: PC.; DC: (per Contcs.) 
© "him III. Again, Q=: QT*;; PK*: PF* 3 but 
when the Points P and Q coincide, itis Q x* = Qu, 
and PE = CA“; wherefore then Q4*:Q T* :: C A 

: PF*. Now becauſe PF x CD=AC x B.C, 172 
Gonics ) therefore PF* x CD*=AC* x B Ci, and ſo 
AS e PF. CD. eee conſequently Qv* : Q T* 

: CD*: CB*, Theorem IV.) 

25. Theſe four n ſet ſeparately as below. 

Treortm TI. L x x QR: LX P:: AC: PC. 

II. L x P: Gv x oP: L: Go. 
III. Gu xvP: Q : PC*: CD.. 
IV. Q: QT; TD: CB? 

It is evident, by joining all the Ratios we have Lx QR 
;QT*::ACxLxPCxCD::PCxGvxCD:' 
X CB*; butbecauſeAC x I. = 2 B Ci, we have L x 
QR: QT: 25 C: Gu. Now when P and Q eo- 
incide, 2 PC = d * x QR = QT*; and 


multiplying cach Side by S Te we ſhall have L x SP* = 
SP? 


lon we ©. wy 


3 
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Motions may be looked upon as c:rcular, 
and as ſuch repreſented in Orreries aud Dia- 
grams, without any ſenſible Error. 


THE 
2 2 
SE "Fn Therefore the centripetal Force is as 


L x SP inverſely; or, becauſe L is a given Quantity, 
it will be directly as — 


26. I ſhall now ſhew what Ratio the projectile Force 
which cauſes a Body to deſcribe a C:rcle has to that 
which (ceteris paribus) cauſes the Body to deſeribe any 
Conic Sectian. Let us aſſume this Ratio to be that of 
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to 1; and putting 2 @ and 2 5 for the tranſverſe and con- Plate 
jugate Diameters of the Conic dection AN, the Circle I VII 
being A I H, ſuppoſe the right Line E F to move pa- Fig. * 


rallel to itſelf, and the Points a and d therein ſo as to 
deſcribe the 8 Aland AN; and let the Diſtance 
of that Line from AB be call'd x, viz. AE = x; and 
let 24 = AH the Diameter of the Circle, 


27. Now a ie — x Elin the Circle, and = x 


9 2 4 x Terz = = E ain the Conic a The 1 


of the Ordinates E d and E a, viz. , _ 0 
a % a FN x 


= dx — 4 


n "7 W e K will be as the Velooities in every 


Point of the Curves in the Direction E . or AB. But 
4— * 

theſe Fluxions are as 
I 


11 — 


2d — x a Wes nec 


(bridin 2 and therefore when E F arrives to 
x 


A B, or x = o, the Ratio of thoſe Fluxions of Velocities 


'þ - 
become that of to — x —J== 7 
will e that © r S 


to 


1 "If 
7 —_ 
ap. , _ —_— 
* 


* 
* 
* = 
— os 2 
L * — 7 — ” 
1 7 3 _ + - " *. A * * 
LO EM. Sn 8 2 's 
_ 
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Tar Onrexy is, therefore, an adequate 


Repreſentation of the TRUE SOLAR Sys- 


TEM, 


b 
in the Point A. Wherefore \/ 7 7: 
va 


n; whence we have nnad = bb. 


128. And when x = 4d = AC, the Diſtance of the 


; i JIE | 
Centre of Force, we have- 4 2 4 * =þ = * 


become 2 ad = dd = = bb = nnad. Whence we get 
= 4 = nd 

2 — n* 2 — 1? 

"Bah 2a and 20, the Conic Section is given in 


Having therefore the 


. Specie. 


29. Now becauſe Unity, or 1, repreſents the pro- 
jectile Force to deſcribe a Circle, the Force n ma 
be any other Number greater or leſs to deſcribe a 
Conic Section. And firſt let 22 = 2; then will a = 

+d x ; 

* Infinite, or the Centre of the Curve 
will be at an infinite Diſtance from A, and conſequently 
be the Parabola AN. 


30. If the Value of 1 be between 1 and 2, or if n 


be any Number between 1 and 2, 2, then will the Co- 
nic Section be an Ellipſe between the Circle A E FH 
and the Parabola A N, having the Centre of Force C in 
the 94.0 Focus next A, as the E lipſle ALMK. 

. But if u be any Number leſs than 1, the Curve 
will Gin be an Ellipſe, but within the Circle, having 
the Centre of Force C in the lower or remote F ocus, as 
the Ellipſis A1GO. 

32. Again; if u“ be greater than 2, or n greater than 


, 2, then will a be negative; conſequently the Curve 
will be an # yperbala, as A O. 


d 
33. Laſtly ; if m = e, then b = — == = 0, and 
— nt 


2 2 44; that is, if the projeCtile Velocity be diminiſhed 
« 


d 
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TEM, and gives a juſt Idea of the Number, 
Molions, Order, and P ofet ions of the heavenly 
Bodies: 


ad inſinitum, then the Curve or Trajectory will become 
the Right Line AC; or the Projectile will deſcend di- 
rectly to the Centre of Force C. ö 

34. Let A the Area of any Ellipſe, S, &, 5s. the plate 
Areas of the Sectors A8 B, BS C, CS D, &c. and LVII 
J, 7, t, the Times in which they are deſcribed; then Fię a 
we have 8: S:: T: 7, and 8: 3 :: T: t, and fo on * 4 
for every Sector through the whole Area. Therefore 
S:T::S+8+5:T +T+t:: Sum of all the Sec- 
tors: Sum of all the Times in which they are deſcribed 
ſo is the whole Area A to the periodical Time P of a 
whole Revolution. Conſequently, S x P T* A, 


AxT 3 
a6 X'= - ; and in a given Particle of Time T, 


—— —— 


1 — Bs 
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_ „ = OS. —_ — . _ Gy _ 
4 4 — * . * "4 e+# F 1s. ＋ 5 - =. Fe * 
& A 4 A C - — 
- — „ » 
* — 4 — — — * — = . * * 
— — SS — * 
5 8 S * — 


* — — - 


G 4 4 3 - * 
e © 44 
2 22 — > 


7 


2— — 


— 


1 


* 3 
n 
1 — 


* Py 
—— - - 
ug we — ...4 


* PL ö 
. oo + ul 
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we have P as F. | | 
35. By Art. 25. we have the principal Latus Rectum 
QI: 
12 
N ce. 
QR is as LP wherefore in a given Time L : Q T* x 
S Pa; and ſo Lx: QT xSP:S, the Sector AS B de- 


ſcribed in a given Time. Whence P: Er: therefore 


r 
- * ——ů —d 


Egan 


—y»— — 2 —— — TAY 


———_ I -. 
1 


but in a given Time the centripetal Force 


A: Px LI. that is, The Area of an Ellipſe is in the 
Subduplicate Ratio of the Latus Rectum and Periodical 
Time conjointly. : | 
36. Now let a = Tranſverſe. Axis, and þ = Conju- 
gate then Ns as Ja: b:: b: L, andſob* = a L, 
8 | 


and b = a ; whence ab = a* x LI. But the 
Rectangle a x b: A, the Area of the Ellipſe (by Conics) 


therefore 21 x LI. A PL (by Article 35.) that 


is, 41: P; or, The Periodical Time is iu the Scſyui- 
þircate 


——— ns 
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Bodies : But the Proportion of Magnitude 
and Diſtances of the Planets is not to be ex- 


pected 


plicate Ratio of the Tranſverſe or greater Axis of the 
Eilipfe. 

Ww Hence the Periodical Time will be the ſame in 
all the Species of an Ellipſis from a * Line to a 
Circle deſcribed upon the ſame tranſverſe Diameter; or, 
more pa: ticularly, the Time of deſcribing the Semi- 
Ellipſe A E D will be the ſame as that of the Semi- 
Ellipſe AQ D; and the ſame alſo as the Time of de- 
ſcribing ihe Semi-Circle AP D, which is only one Spe- 
cies of an Ellipſis, where the Foci coincide with the 
Centre N, and he Semi-Conjugate N O becomes the 
Semi-Diameter NP. Laſtly, when the Semi-Ellipſe 
A OD degencrates into a Right Line A D by diminiſh- 
ing the Semi-Conjugate N O in inſinitum, and the Fo- 
cus receding to the End ot the .+:xis at D, it is plain 
the Time of deſcribing the Line A D is ſtill the ſame. 

S ** 


5 


38. The Velocity of the revolving Body P is as 


S Y being a Perpendicular let fall on the Tangent P Y 
from the Centre of Force S; for the Velocity is ever 
as the ſmall Arch Q deſcribed in a given 'I'ime. But 

P—PR, in its evaneſcent State: And becauſe of 
the Right Angles at T and V, and the Angle QT 
Y PS when the Points Q, P, coincide, the evaneſcent 
Triangle QP I will be ſimilar to PS Y; and therefore 
give Q (PR): CT PS: S Y; whence PR= 
: . But S PX QT: LIN therefore PR: 
* That is, The Velocity is in the Subduplicate Ratio 
of the Latus Rectum direcily, and the Perpendicular in- 


verſely. 


39. Hence the Velocities in the greateſt and leaſt 
Diſtances A and D are in the Ratio compcunded of the 
Diſtances 
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pected from the Orrery, but by Delineation, 
as in Mr. Whifton's Solar Syſtem; where the 
ſeveral 


Diftances S A and S D inverſely, in the ſame Figure 
where L is a given Quantity; becaule in that Caſe the 
Diſtances are the Perpendiculars. 

40. Therefore if a Circle D E CF be deſcribed at 
the ſame Diſtance S D, becauſe the Circle is that 8 
cies of Ellipſis whoſe Latus Rectum is equal to the Dia- 


meter 2 D 8, and ſince in this Point D the perpendicu- 


lar Diſtance is the ſame in both, the Velocity of the 
Body in the Ellipſis at the Point D is to that of a Body 
deſcribing the Circle in the Subduplicate Ratio of L to 


2 D8, or as L to 2DS; and the fame may 
be ſhewn with reſpect to the Velocities at the other 
Point A. | 

41. To compare the Velocity in the Ellipſe at the 
mean Diſtance B with that of a Body deſcribing a Circle 
E F at the ſame Diſtance C B from the common Fecus 
S, let R = Radius of the Circle =AC=CD =SP, 
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Plate 
LVII. 
Fig. 6. 


and let B = leſſer Semi-Axis B C, which is here equal 


to the Perpendicular 8 Y io the Tangent in the Point B. 
Let the Velocity in the Ellipſe be V, and in the Circle 
v; and as L = Latus Rectum of the Ellipſe, ſo 2 A 
is that of the Circle; therefore (Art. 38.) V: v:: 


LI 2A 2, „ _—_ 1 +. ha 
8 r Fi L 

But becauſe (by Conics) A: B:: 2B : L, therefore 
2 BB = A x L: conſequently V* = v, and ſo V = v. 
That is, The Velocity of the Body in the Ellipſe in the 
Point B is equal to that in the Circle E F deſcribed with 
the mean Diflance 8 B. 

42. It has been already ſhewn (Art. 29.) that the 
Velocity of a Body in the Vertex of a Parabola is to that 
in a Circle at the ſame Diſtance from the Focus, as A 2 
to 1. And becauſe every thing that has been ſhewn 
relating to the Motion in an Ellipſe may be demon- 
{trated alſo of the Parabola and Hyperbala, (See Princip. 


Lib. 


. _ 


n 


Plate 
LVII. 
Fig. 8. 


As T RON OM. 


ſeveral Orbits of the Planets are laid down 
in their proportional Diſtances from the 
| Sun ; 


Lib. I. Prop. XII. XIII.) therefore in the Parabola the 
Velocity will be every where at P as a Perpendicular 
S Y ler fall upon the Tangent P Y reciprocally. And 
(by Conics) S V: S P, and ſo 8 V: PS; therefore, 

e Velocity in the Parabola will be every where as 


| * Sp or in the Subduplicate Ratio of the Diſtance in- 


verſely. 
43. We have alſo ſhewn Annot. XXXIV. 13.) in a 
Circle whoſe Radius is &, P = Periodical Time, V = 


Velocity, that V P = a, and V P- and therefore V 


"> 4 8 370. b vag 2.7 
= p ut alſo P : @®, (ibid. 11.) whence hors 


a 
therefore V : N — Therefore the Velocity (V) in 
the Circle AG HI is to the Velocity in the Circle EPF 


deſcribed with the Radius S P, as \/ * to \/ >; 
or V: v:: VP: HA & = Al. But the Velo- 


cities in the Points A and P in the Parabola alſo are in 
the ſame Ratio of VS P to AAL (by 42.) ; conſe- 
quently, The Velbcity in the Parabola at the Vertex A is to 
the Veliciiy in the Circle in the ſame Diſtance A 8, as the 
Velocity in the Parabola at P is to the Velocity in the Circl: 
deſcribed at the ſame Diſtance S P; that is, in the Ratio every 


where of 2 ' = FG 
44. Again; the Velocity in the Circle whoſe Radius 


is 4 8 P is to the Velocity in a Circle whoſe Radius is 


SP, as S b to VS P, or as H to i; conſe- 

udently, The Velocity in the Parabola at P is equal to the 

Palecit in a Circle whoſe Radius is IS P. | 

45. The angular Velocity of a Body P revolving in 

any Orbit, that is, the Angle which is made 5 the 
entre 
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Sun; and their Magnitudes comparatively 
with each other, and with that of the Sun, 


expreſs'd 


Centre 8, viz. PSQ, by the Radius V:for SP de- 
ſcribing in a given Time the Arch PQ, is as QT di- 
rectly, and as SP inverſely ; that is, the Angle PSQ: 
782 N : 8 This is eaſy to underſtand 
we conſider that any Angle is greater as the Arch PQ. 
or p, deſcribed in a given Time, is fo; and leſs i 
Proportion to the Diſtance SP and , becauſe the Ve- 
locities with which thoſe Arches are deſcribed are in- 
verſely as the Perpendiculars 8 Y, Sy, to the Tangents 
in thoſe Points; and when the Arches QP and gp are 
indefinitely ſmall, we may eſteem them equal to the 
Lines QT and gt. Whence the Propoſition is evi- 
dent, | 

45. Hence the angular Velocity at P and p is as 


Db. and 87 for the Sectors p SQ and p 5 9, be- 


ing deſcribed in the ſame Time are equal; whence 
QT x SP =qgt x Sp. Therefore QT : ge :: Sp: 

; QC % :p . 58 | 

SP; and hence : + | — :: 


SP © Sp 85 F350 :: 

8 
g [2 * Sp* 

46. From the Foci 8, 5, of the Ellipſe A BD let fall Plate 
the Perpendiculars S V, 35, to the Tangent Y y in the LVII. 
Point P; let the centripetal Force tend to the Focus S; Fig 9. 
and let C B be the leſſer Semi-Axis. Then will the Ve- 
ocity (v) in B be to the Velocity (V) in P, in the Ratio 
of H PFto VSP. For V:v::CB:SY (Art. 11.) 
whence VI: :: C B*; 8 V2. But (by Conics) B C. 
28 x 33; therefpre. ; SN en 
5: SY. But becauſe of the ſimilar Friangles 8 PV and 
P, it is 37: SY. :: P: SP; wherefore VI: 1: 

P: SP; conſequently V: v:: Hi: S5. 

47. From what has been ſaid it appears, that the 

Motion of a Planet in its Orbit is very unequal and 


anomalous; 
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anomalous; and this Anomaly or Irregularity of the 
Planet's Motion is in itfelf very irregular alſo, being 
ſometimes more, and fometimes leſs than at others, 
And in order to explain this, it will be requiſite to com- 
pare it with an equal and uniform Motion of a Bod 
moving in a Circle. Let therefore the Ellipſe AE BF 
be the Orbit of a Planct whoſe Focus is S, its greater 


Fig. 10. Axis AB, and leſſer OQ, On the Centre 8, and 


in the Circle be 


with the Diſtance 8 E (which is a mean Proportional 

ween AK and OK, the two Semi-Axes) deſcribe 
Circle CEGF. The Area of this Circle will be 
qual to the Area of the Ellipſe, as I have ſhewn in 


4 my Elements of Geometry. 


48. in this Circle let us ſuppoſe a Point to move with 


an uniform or equal Motion through the Periphery CE 


GF, in the ſame Time that the Planet deſcribes the 
Ellipſe ; and when the Planet is in its Aphelium A, let 
the circulating Point be in C, and the Motion of this 
Point will repreſent. the equal or mean Motion of the 
Planet; and the Point will deſcribe round 8 Areas pro- 
portional to the Times, and equal to the elliptic Areas 
the Planet at the ſame time deſcribes. 
49. Let now the _ Motion or angular Velocity 
CSM; and take the Area ASP equal 
to the Sector CS M; and then the Place of the Planet 
in its Orbit will de P; and the Angle MS D, the Dif- 
ference between the true Motion of the Planet and its 
mean Motion, is the Equation, and is call'd the Prof- 
thaphæreſis from its being added to or taken from the 
mean Motion, to obtain the true or equated Anomaly, 
50. Hence the Area ACDP will be equal to the 
Sector DS M, and therefore proportional to the Pro/- 
thaphæreſis; and conſequently where this Area is biggeſt, 
there the Prothaphereis or Equation will be greateſt, 


or a Maximum; which evidently happens when the 


Planet arrives at E, where the Ellipſe and the Circle 
cut each other. For when the Planet deſcends farther 
to R, the Equation becomes proportional to the Diffe- 
rence of the Areas ACE and mER, or to the Area 
GBRm; for when the Planet is at R, let the Point 
be at V, and the Sector CS V will be equal to the el- 
liptic Area A & R, that is, ACE + CERS=CERS 

+mER 


— — fy — a_— a. MIS” wa 


= ors = my, 42 — 4 $A a 


— 


As T ROoN oM TJ. 1901 


4+ mER +#SV; conſequently ACE - wER = 
nSV —= mRBG.' | 5 
51. In the Perjhelion the equal Motion and the true 
Motion of the Planet coincide, becauſe the Semicircle 
CEG and Semi-ellipſe AE B are equal, and are de- 
ſcribed in the fame Time. As the Planet deſcended 
from the Aphelium A to the Perihelium B, its Motion 
was flower, or leſs than the mean Motion; in which 
Caſe the Equation or Preſbaphæreſis is to be fubtracted 
from the mean Motion, to get the true ion al 
Place of the Planet. . 4 
52. But during the Aſcent of the Planet from the 
Perihelium B to the Apbelium A, its Motion will be © 
quicker than the mean Motion, as might be ſhewn in 
the fame Manner as above. In A the Velocity is leaſt 
of all, and in B greateſt, as we have ſhewn; and in E 
it is equal to the mean Velocity in the Circle. For 
when the Planet is in E, let the Point be in m, and let the 
Area ESN and Sector mS i be deſcribed in the ſame in- 
finitely ſmall Particle of Time, and therefore equal to 
each other; for EhxSn=(Eb xSE =) mi x mS; 
but SE = mmS, therefore Eh= m1; therefore the an- 
zular Velocity ESh at E is equal to the angular Ve- 
ocity mS i, which is the mean Velocity. 
53. In order therefore to find the equated or true 
Anomaly from the mean, we are to find the Poſition of 
a Line SP that ſhall cut off the elliptic Area ASP, to 
which the whole Area of the Ellipſe has the ſame Pro- 
portion as the whole Periodical Time of the Planet has 
to the Time given in which the elliptic Sector was de- 


e ſcribed, Or if AQ be a Semicircle deſcribed on the p 1 # 
. longer Axis of the Ellipſe, we muſt draw from S the Fic b 3 
, Line SQ, which ſhall cut off the Area ASQ, to — 1 
t, which the Area of the whole Circle is in the above- FR 
oof mentioned Ratio; for then a perpendicular Q H will 11 
e cut the Ellipſe in P, ſo that the Line PS being drawn, 5 
Ir the elliptic Area ASP will be to the Sector ASQ as TR 
e- the whole Area of the Ellipſe to that of the Circle, as 138 
N 54- To cut an Ellipſe or Circle in this Proportion 167 
1 was the famous Problem long ſince propoſed by Kepler, 4 ;\ | 
: which is ſolved as follows. Upon QC, produced if Wt; 
Vak. III. M required, "i 
.: ö 
1 


3 2 
* 
Ms 


* 
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required, let fall the Perpendicular 8 F; the Area A 
is equal to the Sector AC Q and the Triangle Q SC, 
that is, equal to 22 C XT AQATITQC X SF; and 
becauſe L QC is a conſtant Quantity, the Area ASQ 
will be proportional to AQ + SF. Hence if we take 
the Arch QN =SF, we have the Arch AN propor- 
tional to the Time or mean Anomaly of the Planet; 
which we can eaſily find by having the true Anomaly 
. ; | 
+55. For Example; in the Orbit of Mars we have. 
> : SC :: 152369 : 14100; and becauſe the Length 
gol an Arch equal to Radius is 57%,29578, ſay, 


As the Radius , QC=1523609= 5.18298; 
Is to the Eccentricity 82 11092414923 
So is the Length of the Arch 5779578 1.75807 


To the Length of an Arch B,' 52,302 =0.724312 


Then fay, | 
Ass Radius 8 955 oo S 10.00000 
* Ts to the Sine SF of the Angle], .__ _ 
„ $8$CF=ACQ, which ſuppoſe f z0*00=9.695970 
So is the Length of the Arch B=$%302=0.724312 


To that of the Arch QN =SF = 2%651 =© 423282 


56. Therefore AQ +Q N= 30 + 29,651 = 32 
39” 3”. Thus from the eccentric Anomaly A CQ we 
gain the mean —_— AQ+QN=AN, which 
is proportional to the Time; and the Reverſe of this, 

viz. from the mean Anomaly AN given, to find the 
| eccentric Anomaly A CQ, is to be done by the Me- 

. © , » thod of Infinite Series, as follows. Let the Arch N Q =, 

the Sine of the Arch AN be Se, the C6-fine = f, and 
the Eccentricity SC g. The Sine of the Arch AQ. 
is equal to the Sine of the Arch AN — NQ, equal to 
the Sing of the Arch AN—y, which Sine is thus ex- 


preſſed by a Conv. Series, e * ES E 


i. &c. as Dr. Krill has ſhewn in his Trigona- 


1.2. 3· 4 


—_— 
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57. Call that Series 3, then Radius (1) Sine of A Q 
(Jr SCG): SF = NQ; therefore AE. 
— 2 * 2 122 - + . e Ec. Conſequently 

I 1.2 25 I. 2. 3.4 . 
8 2 #87) ger 2 1 e 
m——_— * I * a 1. 2.3.4 


c. Let ge = 2, 1 +fg S 4, == 


127 * d, and the Equation will become z = a y # 


* | 1 1 : 
by cy dy, &c. which reverted gives y = —— 


22 + — 2 2B fas tina tHe J 20 Ic. 
„ a5 ＋ al 


Or, by ſubſtituting the Values of b and d. y = = 4 — 


and lefs than 270, thenge K = y = = 2 


\ 


\ 
„ 


3 | | 
+ UL EL ve. And then a= 1 — ft and y 


c 23 


&c. This Series expreſſes the 


I 
Radial Arch eee (R) to QV i in Degrees; 
that is, 9 =5R = = = = nt. 


59. Now the very firſt Term of this Series = Z is 


ſufficient to determine the Anomaly of they Eccentricity 
in almoſt all the Planets nearly enough; for in the 
— by where 8 . E 8 :: 1 20, 1691, the 

rror is only a 10, ooo Part of a Degree. For Example, 
Let the Arch A Q = 30; . 


M 2 Then 
1 


1. 


„ 
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e The of the Eccentricity C 8 8.22814 
Thenſ Tho Log of the Sine of AN=e=30*%=9. — 
The Log. of Radial Arch R 57,295 1.758122 


The Sum is the gexR,orRz notions 
Subduct the — 2 =1+ 8 =0.008j1 


There 1 remains the Log. of EE 5=0,4774= =9. 678922 


But 0,4774 Parts of a Degree are to 28' 38“; ; 
e N—NQ=3 ji 26 2 = 20* 31' 22 
Qor Angle ACQ, the 3 Anomaly, ly 
. Triangle CS, > two Sides QC 
and the included Angle given, we the Angle 
EY 20 . 
Say making 2 CS = SH Radius, we have 
H: P H ( :CE (= ate rat So Tagge of A'S 
Frag ent of ASP = the equated or co- 
equated — nary 7 mat this is ſufficientl/ 
near the Truth, let us ſee the Value of the ſecond Term 


of the Series, Viz. = 


a 
Thus, the Logarithm of _ =.7.9208c0 
Multiply by — — — 2. 


The Product is the Logarithm of > =.5.841600 
= 


Add the Logarithm of — = 9.678922 
| - 23 
The Sum is the Logarithm of — =520521 
Subdu the Logarithm of 2 = 0.301030 
R £7 


The Logarithm of the ſecond Term ar 5.219402 


To which Logarithm anſwers the Number 0,000016, 


or. the roodονο Part of a Degree; ” _ 
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expreſs d by the outmoſt Circle of the 
Scheme. (CXLI) | 
THe 


carded, And in the Orbit of Mars and Mercury the 
wo fl Toms Le = dw oe Vale 


of y e Degree of Exactneſs. 
cxLI ) 1. 78 8 (though a —_ Name) 
has ſomewhat of Obſcurity in reſpect of its Origin, or 
N ys ſome Perſons deriving it from a Greet 
ord hh im ports to ſee or view, becauſe in it the 
Motions of the  bearenhy odies are all repreſented to 
the View, or made evident by Inſpection: But others 
ſay that Sir Richard Steele firſt gave this Name to an In- 
ſtrument of this Sort which was made by Mr. Rowley 
for the late Earl of Orrery, and ſhew'd only the Move- 
ment of one or two of the Heavenly Bodies. From 
hence many People have imagined 2 this Machine 
owed its Invention to that Noble Lord. e 
2. But the Invention of ſuch Machines as we now 
call OzRERIEs, and PLANETARIUMS, is of a much 
earlier Date. The firſt we have any mention of is that 
of Archimedes, generally called Archimedes's SpyeRe 3 
though it was more than what we now-a-days call a 
SPHERE, which is an Inſtrument conſiſting only of large 
and ſmall Circles artfully put together. But this famous 
Machine of Archimedes was of a more complex N 
and conſiſted of a Sphere, not of Circles, but of an 
hollow globular Surface of f laß, within which was a 
Piece of Mechaniſm to exhibit the Mations of the 
Moon, the Sun, and the Five Planets. This Cicero 
aſſerts in his Tuſculan Dueſtions 
3- But the moſt copious and accurate Deſcription of 
this Sphere is that of Claudian, in Latin Verſe. Thus 
che Poet ſings: 
Tu 175 in par vs cum cerneret æthera vitreo, | 
ifit, & ad Superos talia dicta dedit. 
Huccine mortalit progreſſa potentia cure? 
A me us in ot A1 luditur orbe labor. 
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Sto epi urn oft IM Hot; 
Tu principal Uſe of the Orrery is to 
render the Theory of the Earth and the 
Moon 

ura polt, rerumque fidem, legeſque Deorum, 

4 Eece Syracuſius tranſtulit on ſenex.” * 
Incluſus varus famulgtur ſpiritus aftris, 
At viuum certis motibus urget opus. 45 

Percurrit proprium mentitus Signifer annum, 

Fit famulata novo Cynthia menſe redit. 
Jamgue ſuum volvens audax induſtria mundum 
'  » Gaudet, & humand ſidera mente ragit. 
- Duid folſ ene! tonitru Salmonea miror ? 
mula Nature parva reperta manu. 
4- This Machine appears from hence to have been 
ſufficiently, grand and univerſal, as comprehending all 
the Hea Era: and exhibiting all their proper 
Motions ; which is all that can be ſaid of our common 
modern Orreries. Tis true, this Orrery of Archimedes 
was contrived. to repreſent - the Ptolemarc Syſtem ; but 
the Mechaniſm and Nature of the Inftrument is the 
ſame, whether the Syſtem of Ptolomy or Copernicus, or 
any other be repreſented by it. 6 | | 
The next Orrery we have any mention of is that 
of Poſidonius the Stoic, in Cicero's Time, 80 Years be- 
fore our Saviour's Birth : Concerning which the Orator, 
in his Book De Nat. Deorum, has the following Paſ- 
 ſage.—Quid ſi in Scythiam, aut in Britanniam, Spheram 
aliguis tulerit hanc, quam nuper familiaris nofter effecit 
Paſidonius, cujus ſingulæ tonverſiones idem efficiunt in Sole, 
& in Luna, & in quinque Stellis errantibus, quod efficitur 
in Cælo ſingulis diebus & noctibus; quis in illa barbarie 
dubitet, quin ea r fit perfefta Ratione? Tbat is, 
« If any Man ſhould carry this Sphere of Pofidonius 
« into Scythia or Britain, in every Revolution of which 
« the Motions of the Sun, Moon, and Five Planets 
were the ſame as in the Heavens each Day and Night, 
« who in thoſe barbarous Countries could doubt of its 
e being finiſhed (not to ſay actuated) by perfect Rea- 


& fon?” What can be a more genuine Account of a 


compleat Orrery than this? And, by the way, what 
would Cicero ſay, were he now to rife from the _ 
| an 


= 
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Moon eaſy and intelligible ; and to, evidence 
to our Senſes how all thoſe Appearances 
happen, 


and ſee his Barbarous Britain abounding in Orreries of 
various Kinds and Sizes? 

6. From this Time we hear no more of Orreries 
and Spheres, till about 510 Years after Chriſt, when 
the famous Severinus Boethius, the Chriſtian (though 
Roman) Philoſopher, is ſaid to have contrived one which 
Theodor ic King of the Goths wrote to him about, and 
deſired it for his Brother-in-law Gundibald King of 
Burgundy ; in which Letter he calls it Machinam Mundo 
gravidam,—Gwlum geftabile,—Rerum Compendium; that 
is, a Machine pregnant with the Untverſe,—a portable 
Heaven, —a Compendium of all Things. What more can 
be ſaid of our Orreries ? | 

. After this ſucceeded a long Interval of Barbariſm 
and Ignorance, which ſo deluged the Literary World, 
that we find no Inſtances of Mechaniſm of any Note 
till the Sixteenth Century, when the Sciences - began 
again to revive, and the Mechanical Arts to flouriſh. 
Accordingly we meet with many Pieces of curious Werk- 
manſhip about this Time; and in the Aſtronomical 
Way particularly is the ſtately Clock in his Majefty's 
Palace at Hampton- Court, — in Henry the Eighth's 
Time, A. D. 1540, by one N. O. This ſhews not 
only the Hour of the Bay. but the Motion of the Sun 
and the Moon through all the Signs of the Zodiac, with 
other Matters depending thereon; and is therefore to 
be eſteemed a Piece of Orrery- Work. _ 

8. Such another is mentioned by Heylin at the Ca- 
thedral of Lunden in Denmark; but the moſt conſide- 
rable at this Time is that Piece of Clock-work in the 
Cathedral of Straſburg in Aiſace; in which, beſides the 
Clock-Part, is the Celeſtial Globe or Sphere, with the 
Motions of the Sun, Moon, Planets, and Fix'd Stars, 
Sc. It was finiſhed in the Year 157% and is much 
ſuperior to that pompous Clock at Lyons, which alſo 
contains an Orrery-Part. | ms * 
9. About the Beginning of the Seventeenth Century 


this Sort of Mechaniſm began to be greatly in vogue, 
M 4 and 
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happen, which depend on the annual or di. 
urnal Rotation of the Earth, and the monthly 


Revolutions 


and Spheres and Orreries were now no uncommon 
Things; though Orreries bore an exceſſive Price till 
very lately. The firſt large dne made in London by 
Mr. Rowley was purchaſed by King George I. at the 
Price of 1000 Guineas; nor has any of that large Sort, 
which contains all the Movements of Primaries and 
— been ſold for leſs than 300 l. at any Time 
ince. | 2 

10. There have been various Forms invented for this 
noble Inſtrument, two of which have principally ob- 
tain'd, viz. the pay, Sack Orrery, and the 2 Hole 
Sphere; though the Orrery at firſt was made without 
ay Sphere, and with only the Sun and the Earth and 


oon revolving about it; but this was too imperfect a 


State, and they ſoon began to inveſt it, ſome with a 
Half- Sphere, ſome with a Whole or Compleat Sphere; for 
otherwiſe it could not be an adequate Repreſentation of 
the Solar Syſtem. _ | | 

11. The Hemiſpherical Orrery has been made in 
greater Numbers than any other, on account of their 


being made much cheaper and eaſier than thoſe in a 


Sphere of the ſame Size ; there being a vaſt Difference 
between placing an Hemiſphere on the Bax of an Orrery, 


and diſpoſing an Orrery in a large moveable Sphere. But 


then the Idea given us by the former is very unnatural 
and imperfe& ; and *tis farveifing to think they ſhould 
have had ſuch a Run as they had, Mr. Vrigbt having made 
between forty and fiſty of that Sort ſince the Death of 
Mr. Rowley his Maſter. And though I incline to think 
oy * of ** on wil be moe yet as they have 
a Name, 1 have thought to give 
the 4 View of ons in a Print- ne n 
12. This ill- judged and erroneous Form of an Orre 
had this Effect with thoſe who knew the Nature of 
Machines very well, that ſome applied themſelves to 
conſtruct Orrexies in a Compleat Sphere, others invented 
ſuck Inſtruments as ſerved to exhibit the Motions of 
| . the 
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Revolutions of the Moon: As, the Variety 
of Seaſons, the Viciſſitudes and various 


Lengths 


the Heavenly Bodies ſeparately, which they accordingly 
call'd PLANETARIUMS, LUNARiuUms, Cc. and others 
declared againſt all Orreries in general, as giving falſe 
Ideas of the Syſtem of the World, eſpecially as the 
Magnitudes and Diſtances of the Heavenly Bodies could 
not be repreſented by them in their proper Pzopur- 
tions. 7 

13. But they mult be ſuppoſed to reafon very weak!y, 
who object an inconſiderable Deficiency in any Inſtru- 
ment, againſt its moſt important Uſes. No one ever 
decried an Air Pump, becauſe an abſolute Vacuum was 
impoſſible by it; or the Uſe of a Teleſcope, becauſe we 
cannot fee the Inhabitants of the Planets. And on the 
other hand, to reprefent the Solar Syſtem by Parts, gr 
in a piece-meal Manner, is little leſs than mangling one of 
the moſt noble and uniform Parts of Natural Philoſophy. 
The Planetarian Scheme therefore of Dr. De/aguliers ſoon 
became extinct. x 8 

14. An Orrery then, adapted to an Armillary Sphere, 
is the only Machine that can exhibit a juſt Idea of the 
true Syſtem of the World, with the diurnal and annual. 
Motions of the Heavenly Bodies; and none but an Or- 
rery of this Kind can do that : Yea furthermore, ſuch 
an Orrery is capable of exhibiting the third Motion of 
the Earth, by Means of the Armillary Sphere; I mean 
that Motion of the Earth by which the Poles of the 
World revolve about the Poles of the Ecliptic, and oc- 1 
caſions what is commonly called the Preceſſion of the Egui- 1 
Poms or more properly the Retrogreſſion of the Ea tb | 

s, $3 

15. That the Reader may have a proper Idea of this 
third Motion of the Earth and its Axis, I ſhall explain 
it as follows. Let D C Hi be a Part of the Earth's Orbit, Plate 
C its Centre, E C the Axis of the Ecliptic, E its Lxlv 
Pole, CP the Axis of the Earth, P its. Pole, through Fi — 
the Points E and P draw the great Circl- E P A, mcet- WY 
ing the Ecliptic AL in A; the Arch P A meaſures tae 

| Inclination 
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ASTRONOMY. 
Lengths of Days and Nights, the Manner 


of Solar and Lunar Eclipſes, the various 
Phaſes of the Moon, &c. 


IN 


Inclination of the Axis of the Earth to the Plane of the 
Ecliptic, viz. the Angle P CH, which is found by Ob- 
ſervation to be about 66® 3o', and therefore its Com- 
plemental Arc EP or the Angle PCE = 239 30'. 
16. Through the Pole P from the Point E deſcribe a 
lefſer Circle P F G, which will be parallel to the Eclip- 
tic; then if the Axis of the Earth be directed at any 
rticular time to P, it is found by Obſervations of 
many Years, that it will not conſtantly be directed to 
the Point P in the Heavens, but will in 72 Years time 
be directed to ſome o her Point Q, ſo that the Arch 
PQ = 1 Degree ; and therefore in the Space of 360 x 
72 25920 Ycars, the Point P or Pole of the World 
will deſcribe the Circle PF G about the Pole of the Eclip- 


tic E, which Revolution is call'd the Great Year, 


17. The, Cauſe of this Conical Motion of the Earth's 
Axis was unknown to all the Aſtronomers and Philo- 
ſophers before Sir [aac Newton's Time, none of them 


being able to gueſs from whence it could proceed: But 


this divine Geometer ſoon inveſtigated the Cauſe there- 
of, and demonſtrated it to reſult from the Laws of Mo- 
tion and Gravity, that is, from the Spheroidical Figure e 
the Earth; for were the Earth a perfect Globe, its Axis 
would always remain Parallel to itſelf, and have no ſuch 
Motion. dee the Principia. 

18. From this Motion of the Earth's Axis follow ſe- 
veral remarkable Phenomena ; as Firft, a conſtant Changs 
of” the Pole-Star ; for *tis evident, if any Star ſhould 
chance to coincide with the Pole Pat any time, it will 
after 72 Years be left at the Diſtance Ab, or 1 De- 


gree Weſtward, and the Star at Q becomes then the 

Jorth Pole-Star. 15 
19. Secondiy, The preſent Polar Star will in Time 
be on the South Part of our Meridian; that is, the Star, 
which ſuppoſe at preſent at P, will after 12950 Years 
be at G, which being 47 Degrees (in the Arch of a 
great 


an 
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In my Orrery, which is of a pecultr 
and moſt elegant Structure, the Earth in 
58 = its 


great Circle ) diſtant from P, will be on the South Part 
of the Meridian of London, which ſuppoſe on the Earth's 
Surface at b. For if T R be the Equator, then the 
Latitude of London T h = 5 30% and its Complement 
hp = 38* 30' ;/ therefore gp — bp = 47 — 38% 30' = 
85.30 = gh, the Diſtance of the preſent North Star 
towards the South at that time. 


- 


. % 


20. Thirdly, The Circle EP A paſſing through both 
the Pole of the Ecliptic and Equator, will be the So 
ſtitial  Golure, and A the Solſtitial Point, when the Axis 
of the Earth points to P; but after 72 Years, when it 
points to Q, uin the great Circle E QB will be the 
Solftitial Colure, and B the Solſtice, for the ſame Reaſons 


And hence alſo the Eguinoctial Points (which are always 


go Degrees diſtant from the Solftices) muſt move in the 
ſame Time through the ſame Arch, the ſame Way, viz. 
Weſtward. , ' ER TITEL! © 112 
21. Fourthly, Hence 'tis evident, all the Points of the 
Eeliptie do move backwards, or Weſtwards, through 
one * every 72 Years; which Motion is ſaid to 
be in Antecedentia, and is contrary to the Order of the 
Signs: As the other Motion, by which the Planets are 
carried round the Sun, is ſaid to be in Conſequentia, or 
according to the Order of the Signs, viz. trom Aries V 


to Taurus , Gemini I, &c. And this 8 Mo- 


tion of the Equinoctial Points is called the Receſſion of 
the Eguinoxes. 

22. Fifthly, This Receſſion of the EquinoQtial Points, 
and indeed of the whole Ecliptic, is the Cauſe of the 
flow apparent Motion of the Fixed Stars forwards ; for 
ſince the ſeveral Circles of Longitude by which they 
are referr*d to the Ecliptic are continually thifting back- 
wards, the Stars, which are immoveable, muit with 
reſpect to thoſe Circles have their Diſtance, that is, their 
Longitude, conſtantly increaſing from the firſt Point 
of Aries, Thus all the Conſtellations do continu- 
ally change their Places at the Rate aforeſaid : The 


bright 
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ASTRONOMY. 


its annual Motion paſſes round by a Circle, 
on which 1s engraved a Calendar, and the 
Ecliptic ; and the Plate which carries the 
Earth about has an Index on the oppoſite 


Part from the Earth, to ſhew the apparent 
Place of the Sun in the Ecliptic, for every 


Day of the Year ; and one Turn of the 
Winch carries the Earth once round its 
Axis, and the ſaid Index over the Space of 
one Day in the Calendar : So that by this 
means the true Place of the Earth, and the 


apparent Place of the Sun, alfo the Place 


and Phaſes of the Moon, map be readily 
thewn for any Day required. | 

Taz Orrery-Part, containing the J/heel- 
Mord, is placed within a large and moſt beau- 
tiful AnMILLARY SPHERE, which turns 
about upon its Axis, with a fairly-engraved 
and filver'd Horizon, which is alſo move- 
able every Way upon a moſt elegant Braſs 
Supporter, with four Legs richly wrought ; 
at the Bottom of which is a noble large 


and 


bright Star of Aries, for Inſtance, which in Higparchus 
Time was near the Verna] Equinox, is now remoy 
near a whole. Sign of 30? FEaſtward, and is in the Be- 


ginning of Taurus U, and Taurus is got into Gemini I; 


and thus all the Conſtellations of the Zodiac have 
changed their Places, and poſt. ſᷣ different Signs from what 


they formerly did. 
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and Comyass, with the Names of all 
the Points finely engraven in Words at 
Length. The Circles of the Sphere are as 
follow. 

Tat EQy1NocTIAL, which divides the 


Sphere into two Parts, viz. the Northern 


and the Southern Hemiſphere ; and is ſo call'd, 
becauſe when the Sun comes to paſs over 
it, (as it does twice every Year) the Days 


and Nights are then equal. This Circle is 
divided into 360 Degrees, call'd the Right 


Aſcenſion of the Sun or Stars. 

Tas EcLirr ic is that great Circle which 
repreſents the apparent annual Path of the 
Sun through the Heavens. It is divided 
into 12 equal Parts call'd Signs, conſiſting 
of 30 Degrees each; whole Names and 
Characters are as follow: 1. Aries, the 
Ram, Y; 2. Taurus, the Bull, x; z. Ge- 
mini, the Twins, ; 4. Cancer, the Crab, a; 
5. Leo, the Lion, &; 6. Virgo, the Vir- 
gin, u; 7. Libra, the Scales, =; 8. Scorpio, 
the Scorpion, m; 9. Sagittarius, the Bow- 
man, 2; 10. Capricorn, the horned Goat, w; 
11. Aquarius, the Waterer, =; 12. Pi cer, 
the Fiſhes, x. The Ecliptic interſects the 


Equinoltial i in the Beginning of Aries and 
Libra, in an Angle of 23 Degrees 2 


che 


Minutes. In this Cirele * Longitude i 
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the heavenly Bodies is reckoned. The 
Ecliptic is the Middle of 


TEE Zorc, which is a broad filver'd 
Zone, encompaſſing the Sphere to five De- 


grees on each Side the Ecliptic; ſo called 
from the Figures of the ſeveral Animals, 
or Conſtellatians of the Signs, with which it is 
adorned and embelliſhed. This Zone com- 
prehends within it the Paths or Orbits of 
all the Planets. 
THE MERIDIAN is a great Circle paſ- 
ſing through the Poles, and cutting the 
Eguinocrial at Right Angles; ſo call'd, be- 
cauſe when the Sun is upon any Meridian, 
it makes the Meridies, Mid-Day, or Noon, 


to all Places under i it. Of thefe there is one 


called 


THE GENERAL MERIDIAN, within 


which the whole Sphere turns, and upon 


which are engraven the Degrees of Latitude, 
beginning and proceeding each Way from 
the Equinoctial to the Poles. © To this 
Circle the Sphere is ſuſpended; and being 
moveable within the Horizon, the Sphere 
may be elevated or rectiſied * the Latitude 
of any Place. 


Tux Honlzox is that broad ſilverd 


3 or Circle, which contains the whole 


n maveaye evety Way within it 
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ASTRONOMY: 
It is ſo called becauſe it. bounds our Sight 


in the Heavens, and divides the Sphere in- 


to the upper and lower Hemiſdbere. Upon 
this Circle are curioufly engraven the Eclip- 
tic Signs and the Calendar, for readily find- 
ing the Sun's Place for any given Day or 
Time. On this Circle is alſo reckon'd the 
Amplitude of the Sun, &c. 

Tun Points where the Ecliptic interſects 
the Equinoctial are call'd the Equinoctial 
Points, or Equi NOx ES, becauſe when the 


Sun is in them, the Days and Nigbts are 


equal. As the Sun is in one of them in the 
Spring, it is called the Vernal Equinox; and 
in the other at Autumn, it is call'd the Au- 
tumnal Equinox. 

Tu Beginning of Cancer and Capricorn 
are call'd the Solſtitial Points, or the SOL- 
$TICES; which is as much as to ſay, the 
Stations of the Sun, becauſe when the Sun is 
in thoſe Points, he ſcems ſtationary, or not to 
move for ſome Days: The firſt is the Sum- 
mer, the other the Winter Solſtice. 


Tur Meridians which paſs through the 


Points above-mention'd are call'd the Equi- 


notial and Solſtitial Col ux Es reſpectively. 
They divide the Sphere into four Quarters, 


in the Middle of the n 8 of the 
Teer. be ba : 
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Tux Leſſer Circles of the Sphere are the 
TRroyics and PoL AR CIRCLES ;: which are 
ali parallel to the Equinoctial, and are two 
on either Side. The Northern Tropic is 
that of Cancer; the Southern that of Capri- 
carn; as paſſing through the Beginning of 
thoſe Signs. - They are diſtant from the 
Equinoctial 23 Degrees 29 Minutes, and 
include that Space or Part of the Sphere 


which is call'd the Torrid Zone on the Ter- 


reſtrial Globe, becauſe the Sun is at one 
Time or other perpendicular over every Part, 
and extremely torrifies or heats it. 
WIrIIN 23 Deg. 29 Min. of each Pole 
lie the Polar Circles; of which that about 


the North Pole is call'd the Ardlic Circle, 


becauſe of the Conſtellation of the Bear in 
that Part; and the other about the South 
Pole, the Antarctic Circle. They include 
thoſe Spaces which are call'd the Frigid 
Zones, by reaſon of the intenſe Cold which 
reigns in thoſe Regions the greateſt Part of 
the Year. Thoſe Spaces which lie between 
the Tropics and Polar Circles, on either Side, 
are call'd the Temperate Zones, as enjoying 
a mean or moderate Degree of Heat and 


Cold. 


TRE Circles above are eſſential to 31 
Sphere; 3 befides which there is the Qu 
| frant 
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as Index, ſhewing the Time correſponding 


lar Label, for fixing the Sun to its proper: 
Place in the Feliptic. 


always enlighten One-half of the Earth; and 


the Circle which terminates the enlightened and 
darkened Hemiſpheres (which is called the 
Circle of Ilumination) will paſs through the 
Poles of the Earth, and alſo divide all the 
Parallels of Latitude into two equal Parts. 
But ſince the Earth moves not in the Plane 


the Axis of the Earth will be inclined to that 
of the Ecliptic in an Angle of 23 Degrees 29 


Parts. 
Now. ſince any Parallel is the Path or 


Vol. III. N Dey; 


drant of Altitude, for ſhewing the Height- 
of any Luminary above the Horizor'; and 
a large and moſt beautiful Horary Circle: 


to the Motion of the Sphere : Alſo the $9-- 


IT is eaſy to conceive, that the Sun will 


that when the Sun is in the Equine! | 


of the Equinoctial, but that of the Ecliptic, 


Minutes; and therefore "the Crrclt of Ilumi- 
nation will, at all other Times, divide the 
Parallels of Latitude into two unequal 


Tract which any Place therein deſcribes in 
one Revolution of the Earth, or 24 Hours; 
therefore that Part of the Parallel which 
lies in the enligh'ened Hemiſphere will repre- 
ſent the Diurnal Arch, or Length of "the + 
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Motion, the Earth moving with its Axis 
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Day; and that Part in the dark Hemiſpber 

will be the No&urnal. Arch, or Length 0 

the Night, in that Parallel of Latitude. 
HENCE, when the Orrery is put into 


always parallel to itſelf, yet always inclined 
to the Plane of the Ecliptic, will ſometimes 


have the Northern Parts turned more directly 


to the Sun, and moſt enlightened; and at 
other Times the Southern Parts will be ſo. 
Hence various Alterations of Heat and Cold, 
and Length of Days and Nights, will enſue 
in the Courſe of the' Revolution of the 
Earth about the Sun, which will conſti- 
tute all the Variety of Seaſons, as will moſt 
naturally and evidently be ſhewn in the 
Orrery, as follows (C XLII.) | 

A rr WE 


(CXLII.) 1. Though thefe Things are plain to a 
Perſon who has his Eye on an Orrery, while he hears 
or reads this Account of the Nature and Manner of the 
Seaſons, and the Variety of Day and Night, yet Ideas of 
this Sort are not ſo eaſy to be obtained by mere Reading 
and Cogitation only, unleſs aſſiſted by a proper Dia- 

ram or Repreſentation; which therefore I Bal here 
* and explain. 

2. Let S be the Sun, AB CD the Orbis Magnus, or 
annual Path of the Earth about the Sun. In this Orbit 
the Earth is repreſented in four ſeveral Poſitions, in the 
midſt of the four Seaſons reſpectively. On the Earth 
are drawn the ſeveral Circles and Lines as follow, 

A CQ The Equator. 

TOR The Tropic of Cancer. 

ML The Tropic of Capricorn. 
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We will firſt give the Farth Motion in 
the firſt Point of Libra; the Sun will then 


appear 
abe The North Polar or Arctic Circle. 
def The South Polar or Antarctic Circle. 
E G D The Parallel of London. 
NCS The Earth's Axis. 


[0] 


 aCf The Axis of the Ecliptic Plane. 
3. As the Sun is ſuppoſed to be at ſo great a Diſtance, 
that the Rays coming from it do arrive at the Earth 
nearly parallel, they will therefore illuminate very nearly 
One-half of the Globe of the Earth, abſtracting from 
the Refraction of thz Air. 
view the Earth circulating about the Sun at a very great 
Diſtance in the Poſitions repreſented in the Scheme, 
we ſhall have all the enlightened Part turn'd to the Eye 
on the Equinoctial Day in the Spring, but on that in 
the Autumn we ſee only the dark Part; as on the Sum- 
mer and Winter Solſtices we ſee only Half the light and 
dark Hemiſpheres reſpeCtively : And accordingly the 
Earth is thus repreſented in the Figure. | 
4. But (as 1 find by Experience) the beſt Way to 
convey an Idea of the Seaſons, and Day and Night, is 
to repreſent the Earth alſo in Poſitions exhibiting the 
viſible Hemiſphere equally divided into the light and 
dark Parts, or ſemicircular Areas, as in the next Plate; 
and to compare theſe both together ih the Deſcription. 
Jo begin therefore with the Situation of the Earth in 
tne Spring and Autumn, | 
5 In either of theſe Caſes, *tis evident the Sun is in 
the Plane of the Equator 2 Q, and therefore equally 
diſtant from each Pole of the World; conſequently the 
Circle of Illumination will paſs. through both the Poles, 


And if we are ſuppoſed to 
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N, S; and therefore every Place at an equal Diſtance Fig. 2. 


on either Side will have an equal Degree of the Sun's 
Light and Heat. And as the Earth revolves upon its 
Axis, 8 Place muſt deſeribe a Circle 


Equator, 


* % ny " 


parallel to the 
ne-half of which, will be in the light, he 
other Half in the dark Hemiſphere ; and as Parts of the 
Circle meaſure the Day _ Night, it is plain they * 
2 en 
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appear to enter Aries, and this will be the 
Vernal Equimox; for now, the Sun being 
in 


then be equal. Thus in the Equator, the Diurnal 
Arch QC is equal to the Nocturnal Arch C Æ; ia the 
Tropics RO and L M are equal to O T and MP; in 
the Latitude of England the Day E G is equal to the | 
Night GD; and fo in all other Parts. 

6. Hence, by the way, we may obſerve, that had 
the Sun always moved in the Equator, there could have 
been no Diverſity of Day and Night, and but one Seaſon 
of the Year for ever to all the Inhabitants of the Earth, 
No Alteration of Heat or Cold, ſo agreeable now both 
to the Torrid and the Frozen Zones ; but the ſame 
uniform eternal Round of unvariable Suns had been our 
uncomfortable Lot, every way contrary to that Dif 
fition we find all Mankind formed with, of being de- 
lighted and charmed with Variety to an extreme De- 
gree. The Obliquity of the Ecliptic is therefore not 
to be looked upon as a Matter of Chance or Indiffe. 
rency, but an Inſtance of Wiſdom and Deſign in the 
adorable Author of Nature, who does Nothing in 
Vain. a 

7. If we conſider the Earth moving on its Orbit, 
with its Axis N S always parallel to itſelf, till it comes 
into the Summer Situation, we ſhall there ſee, that by 
this Paralleliſm of the Axis all the Northern Parts of 
the Earth will be brought towards the Sun, which will 
in this Caſe be in the Plane of the Northern Tropic, 


Pl. LIX. and his Rays perpendicular upon it, as at R. The 


Fig. 1. 


Circle of Illumination a Cf will now be in ſuch a Site, 
as to include the North Pole and all about it to the Diſ- 
tance N A =/2J* 30“; and on the contrary to ex- 
clude the South Fole 8, and Southern Regions to the 
ſame Diſtance 8 f. The Northern Climates muſt there- 
fore now have their Summer, and the Southern Cli- 
mates their Winter; as will appear more particularly if 
we conſider, 9 
8. Firſt, The Sun- Beams fal} more perpendicularly 
upon any Northern Parallel than upon the ſame — 
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in the Eguinoctial, all Parts of the 8 "IR 4 
will be equally enlightened from Pole to 
Pole, 


Parallel, and have therefore a ſhorter Paſſage through | 
the Atmoſphere. Thus, for Inſtance, in the Parallel 18 
of England E, let the Rays i E, & g, be incident on the 1 
Atmoſphere m N in h and /; then will their Paſſage h E, | 
g, be ſhorter than it would be in the ſame Latitude 
Southwards, and therefore will not be ſo much refracted, 
blended, and abſorb'd; and conſequently their Effect 
will be more conſiderable and ſenſible. Again, as Rays 
are more perpendicular, they will ftrike with a greater 
Force; alſo the more will. fall on a given Space; on 
both which Accounts theif᷑ Effect, in reſpect of Light 
and Heat, will be greater. 

9. Secondly, As the Earth revolves about its Axis, 
every Place in North Latitude will deſcribe a greater 
Part of its Parallel in the enlighten'd than 'in the dark 
Hemiſphere ; or, in other Words, the Day , will be 
longer than the Night. Thus in the Northern Tropic 
the Diurnal Arch is R Y, the Nocturnal Y T, which 
is leſs than the other by the Difference Y O. Again, 
in the Parallel of London the Length of Day is ſhewn 
by the Arch E Z, of the Night by Z D, which is ſhorter 
than the Day by the Difference G Z, And laſtly, at 
the Solar Circle c b a it is all Day, no Part of that Pa- 
rallel lying within the dark Hemiſphere a f. On 
which Account it is evident the Light and Heat of the 
Sun is greater in any Place of North Latitude now than 
at any other Time of the Lear. It is therefore now 
tie Midſt of the Summer Seaſon in all the Northern 
Climates. 8 

10. In the Southern Part of the World it is Vinter, 
for the ſame Reaſons reverſed, viz. becauſe the Sun's 
Rays fall more obliquely there ; they therefore paſs 
through a greater Quantity of the Atmoſphere, on which 
Account they are more refracted, blunted, and ſtifled, 
and their Effect weaken'd. Alſo a leſs Quantity of the 
Solar Rays will fall on a given Space, and each Ray 
ſtrike with a leſs Force; and laſtly, the Duration of 
Ge INES, 0-2 | their 
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Pole, and all the Parallels of Latitude di. 
vided into two equal Parts by the Circle of 

Humination. 
their Prefence will be ſhorter than that of their Abſence, 
or the Day will be ſhorter than the Night; as in the 


Southern Tropic the Day is LX, but the Night X P, 
longer by the Difference M X ; which Difference is 


- ſtill greater the farther _ go, till you come to the 


Antarctic Circle d e f; where there is no Day at all, and 
all within to the South Pole S is involved in Night, of 
greater or leſs Duration, 

11. For the fame Reaſons, when the Earth arrives 


to the oppoſite Part of its Orbit, it will be SUMMER 


Plate 
LVIII. 
Pl. LX. 


Fig. 3. 


Pl. LX. 
Fig. 1. 


to all the Southern Climates, and WINTER in the 
Northern. It is evident this muſt neceſſarily happen by 
the Paralleliſm of the Earth's Axis, and the Change of 
her Place in the Orbit: By which Means the Sun now 
illumines that very Half of the Globe which in the 
other Poſition was dark; and whence it follows, that 
in all North Latitudes the Length of the Days now are 
equal to the Length of the Nights then, and vice verſa 
in South Latitudes. Thus the Day (in the Parallel of 


England) E Z =D Z, the Night in the Summer Seaſon; 


and the Night now, viz. Z D = Z E, the Day at that 
Time, All which Things are too plain from the 
Schemes to want farther Explication. 

12. Thus the Viciſſitudes and Variety of the Seaſons, 
and of the Day and Night, appear in general; but to 
exhibit the ſame in an eſpecial Manner for any parti- 
cular Place, as London, another Scheme is neceſſary, 
wherein the Sphere ſhall have the ſame Poſition with 
reſpe& to that Place, as the Earth itſelf has. Thus let 
AN Q S be the Earth; Z will be the higheſt Point, or 
Place of Londen; H © the Horizon, and N the loweſt 
Point or Antipodes; and A, Q the Equator, T R and 


PL the two Tropics, a c and df the two Polar Circles, 


as before, 

13. Then when the Sun is in the Plane of the Equa- 
for at e, the Semi-diurnal Arch, or Half the Length of 
the Day, will be repreſented by E C; and that of the 
Night by C Q, which is equal to the former. In mm 

| Caſe 


— 
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Illumination. Hence the Days and Nights 
will be equal, and the Sun's Heat is now 


at 


Caſe the Angle Ch, which meaſures the Altitude of 
the Sun above the Horizon h O, is 3830 = h e, 

14. Again: When the Sun is in the Tropic T R, 
and conſequently neareſt to the Zenith of London, t he 


Semi- diurnal Arch is then TI, which is longer than the 


former in the Proportion of the Right Angle ANC = 
6 Hours to the obtuſe Angle A NF = 8 Hours 16 
Minutes; NE 8 being an Hour-Circle drawn through 
the Point I, and interſecting the Equator in E. The 
Semi»noCturnal Arch is I R, and equal in Time to the 
Angle EN QS 3 Hours 44 Minutes, the Complement 
of the other to 12 Hours. 

15. Laſtly: When the Sun appears in the Southern 
Tropic at P, and moſt remote from the Zenith of Lon- 
don, the Semi-diurnal Arch is then P K, equal to the 
Angle A N D = 3 Hours 44 Minutes nearly, equal to 
the Night when the Sun was in the other Tropic ; and 


the Semi- nocturnal Arch K L at this "Time is evidently 


_ to the Semi-diurnal Arch II at the oppoſite Time 
of the Year. 

16. Whenever the Sun comes upon the Line N S, 
repreſenting the Hour-Circle of Six, it is then Six o Clock, 


as at X in the Summer Tropic, before Sun-ſet at I; and 


at B in the Winter Tropic, after Sun-ſet at K. Alfo 
when the Sun comes upon the Line Z C N (which re- 
preſents the Prime Vertical, or Azimuth of Eaſt and Met) 
it is then due Et and Vet, which happens at Y in 


the Northern Tropic, after Six in the Morning, and 


before Six in the Afternoon, and vice verſa at W in the 
Southern Tropic. 

17. It is found by Obſervation, that the Air is not 
abſolutely dark, till the Sun is depreſs'd about 18 De- 
grees below the Horizon, viz. at i, that is, till the 
Angle hCG: = 18? = HM; and drawing MV parallel 
to the Horizon H O, it will repreſent the Gircle at which 
the Crepuſculum, or Twilight, begins and ends, in the 


ſeveral Points where it cuts the Parallels of the Sun's . 


Declination, as at G in the Tropic PL, and at F in 
| N 4 the 
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at a Mean between the greateſt and the 
leaſt : All which Particulars conſtitute that 


agreeable 


the Equator. But ſince RO = PH = 15 Degrees, the 
Arch O R is leſs than O V, and fo the Tropic T R 
will not touch the Circle M V at all; which ſhews that 


for ſome Time in the Middle of Summer there is no dark 
Night. And this happens between May 23 and July 22. 


See my SYNOPIS SciENTIX CokLESTIS, on a large 
Imperial Sheet, New- Stile. 
18. Moreover it is evident that C F K G, becauſe 


P is parallel to ZE the Time, however, of deſcrib- 


% 


ing C F and K G will not be the ſame; from whence 
it appears there is a certain Parallel in which the Twi- 
light will be the Je of all, and another in which it will 
be a Maximum or greateſt. The former is when the 
Sun has 67 South Declination, viz. in Libra , or 
Piſces & 17 30, which happens March 7, and Oclo- 
ber q, in the preſent Age: And 'tis plain the Twi— 
light is greateſt of all in the Parallel which touches the 
Point V, on May 23 and Fuly 22, as aforeſaid. Note, 
How the Time of the leaſt Duration of Twilight is 
inveſtigated, may be ſeen in the beſt Manner in Dr, Gre- 
gory's Elements of Aironomy; and I would have given 
it here, but that it is very tedious, and in itſelf a Mat- 
ter of little | mportance. 


19. It is a Problem of much greater Conſequence 


and Curioſity, to determine the Ratio or Proportion of 


Heat which any Place receives from the Sun in any wy 
of the Year. In Order to this it muſt be conſidered, 
that the Quantity of Heat will be as the Time, if we ſup- 
poſe the Sun to have the ſame Altitude; and as the Sine 
of the Altitude, if the Time be the ſame. Therefore if 
neither the Lime nor Sine of the Altitude be given, the 
Quantity of Heat will be as the Rectangle or Product 
of both. | 


20. Therefore let a = Sine of the Latitude Æ 2 - its 


Co- ſine (or Sine of Z N) = b; the Sine of NS S ec, 


and of its Complement (or Declination) SD = 4; the 
dine of the Hour from Noon (or Angle AND) = &, 
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agrecable Seaſon we call the SPRING; the 
Middle of which 1s ſhewn by the Index to 
be the 11th of March, as this Machine was 
made for the Old-Stile. 


As 


its Arch AD =z, and Radius = 1; then is AVI x Plate 
= Co- ſine of the Angle Z NS (vix. Sine of the Angle LXIV. 
DNC) and (per Spherics) we have b c\/1—xx + ad Fig. 6. 
= Sine of the Sun's Altitude 8 B; which multiplied by 

the Fluxion of the Arch of Time = & will produce the 


Fluxion of the Sun's Heat, viz. = + bc N I tad. 


Or, putting bc =g, VII- = h, ad = f, we have 
the Fluxion of the Heat == x gh +f. 

21. Now to find the Value of's, let AB = z, BE Plate 
its Sine, E C the Co- ſine, and Radius C B; and ſuppoſe LXIV. 
F G drawn infinitely near to E B, and B D, parallel to Fig 7. 
AC; then 'tis evident from the fimilar Triangles E B C 
and B D G, that E C: B C:: DG: GB, orb:1:: 


*: E. whence 3 = _ wherefore — x 2 þ = /=6x & 


hb 
i Fluxion of the Heat, whoſe Fluent is x g x, 


which therefore is as the Quantity of Heat from Noon 
to the given Time, as required. | 

22. From this Theorem we may calculate the Heat 
of any Day in the Year in any given Latitude required; 
of which I ſhall give the ſeveral following uſeful Ex- 
amples. Let it be required to expreſs the Heat 2 an 
Equinoftial Day under the Equator. In this Caſe the 
Latitude of the Place is Nothing, therefore a = ©; 
conſequently fz =adz = ©, In the other remaining 
Part x g x c, b=1, c = 1; therefore the Heat will 
be as x; and fince the Semi-diurnal Arch is go Degrees, 
the Heat of the half Day will be as x = 1, and ef the 
whole Day the Heat is as 2. | 

23. Let the Heat of an Equinoial Day be required for 
the Latitude of 5 30“; then becauſe in this Caſe there 
js no Declination of the Sun, d = o, andſoadz= o. 


And 
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As the Earth paſſes on from Weſt to 
Eaſt, through Libra, Scorpio, and Sagitta- 
And ſince N S = qe, we have c = 1; and for the Se. 


mi-diurnal Arch = 90?, x = 1 alſo; therefore the Heat 
is as h = 0,6225 = Co-ſine of the Latitude, which for 


- the whole Day is 1,245, and which is to that under the 


Equinoctial as 14 to 2 nearly. At the Pole b = o, 
therefore the Heat of an Equinoctial Day at the Poles 
is Nothing. Laſtly, in the Latitude of 60® the Heat of 


ſuch a Day is half that under the E quator, or 1; becauſe 


then þb = I Radius, or 0,5. 
224. In the next Place, let us calculate the Heat of the 


Summer Tropical Day. Here we have the Time of 4 the 


Day 8 Hours 12 Minutes nearly; therefore the Arch of 
the Equator which paſles the Meridian in that Time is 
123 . And becauſe when Radius is 1 the Circum- 
ference is 6,28318, therefore ſay, As 360: 6,28418 :: 
6,28 318 

.. — = 0,01745329 z, the Length of the 
Arch z in the Meaſure of the Radius. Therefore we 
have 


The Logarithm of the Sine z = 12P* = 2.08990g 


The Logarithm — 0,01745 =.8.241 
The Logarithm — 2 515 30 = 3 
The Logaritum ———— d = 235 30 = 9.600700 


Total, the Logarithm of a d = 0,6698 = 9.824044 


25. Then for the other Part of the T heorem, via. 


x bc, we have 


The Logarithm of the Sine x = 57* 00' = 9.923591 
The Logarithm — 2 9.794709 
The Logarithm —— c = 0 30“ = 9.962398 


Total, the Logarithm of x b c = 0,4788 = 9.680138 
Therefore the Heat of half the Day is 0,6698 + 0.4788 
=1,1486; and of the whole Day it is 2,2972, almoſt 
twice as great as that of the Equinottial Day with us, 
and greater than the Heat of ſuch a Day to thoſe who 
live under the Equator, 


26. Ta 


AS TRON OMV. 


rius, to the Beginning of Capricorn, the 
Sun will appear from the Earth to move 
through the oppoſite Signs of the Ecliptic, 


viz. Aries, Taurus, Gemini, to the Begin- 


3 


26. To find the Expreſſion of the Winter Tropical 
Day, we have the Semi-diurnal Arch z = 57 and the 
reſt the ſame as before. Therefore , 

The Logarithm of Sine ⁊ = 57 = 1.755875 
The Logarithm of 0,01745 = 8.241795 
The Logarithm of —— a d = 9.494244 


3 n 


. 


Total, the Logarithm of a dz — 0, 3104 = 9.491914 
Then xbc 44A X 0,4788 — 0, 3104 = o, 1684, and 
ſo 2 x 0,7084 = o, 33608 = Heat of the whole Day, 
which is almoſt 7 Times leſs than that of the Summer 


Tropic. 


27. The Sum of the Heat of the two Tropical Days 
is 2,2972 + 0, 3368 = 2,634 ; which is greater than 
the Heat of two Equinoctial Days with us, which is but 
2,40. Hence by means of the Obliquity of the Ec- 
liptic, we who live beyond the Tropic have much more 
of the Sun's Heat than we could have enjoyed had the 
Sun moved always in the Equinoctial. And on the 
other hand, it will be found by Calculation, that for 
thoſe who live between the Tropics and the Equator, 
the Sum of the Heat of any two oppoſite Days of the 
Year is leſs than the Heat of two Equinoctial Days ; 
and therefore the Heat of the whole Year is leſs in the 
preſent Caſe, than it would be from a conſtant Equi- 
noctial Sun. 

28. Laſtly, let it be required to calculate the Heat of 
a Polar Day, or that under the Pole, for the Tropical 
Sun, In this Caſe go, and x g=xbc=0; alſo a=, 
Whence the Heat of any Day under the Pole will be as 
d, or Sine of the Declination, becauſe z is here alwa 
the ſame, viz. a Semicircle, or 180 Degrees. And un- 
der the Pole the Value of dz is thus expreſſed for the 
Tropical Sun, 

The 
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ning of Cancer; during which Time, by 
the inclined Poſition of the Earth's Axis, 


the 


The Logarithm of Sine d = 23? 30“ =.9.600700 
The Logarithm of 2 = 180 = 2.255272 
The Logarithm of —— 0,01745 = 8.241795 
Total, the Logarithm of dz = 1,252 = 0.097767 
The Double of which is 2,504 ; which therefore ex- 
preſſes the Heat of a Tropical Day under the Pole, 
which is greater than the Heat of any Day in any 
other Latitude. Hence we ſee the Extreme of Heat, as 
well as of Cold, is found in the ſame Place, viz. under 
the Pole. | 
29. It is a Problem of another Sort, To find when 
Heat is a Maximum, or greateſt of alh in any given 
. In order to folve this, let the Semi-diurnal Arch 
= a, 2 = Arch of the Hour from Noon, b Rectangle 
of the Sines of | atitude and Declination, and c = Rect- 
angle of their Co- ſines. Then (per Spherics, and Inf- 
nite Series) we have the Co- ſine of the Hour from 
Noon = I — 4 2* + 2 — 4; 25, Cc. and the Sine 


of the Sun's Altitude = c — r o p54 029 = Is cz 


Sc. + b, This multiply by g + Zisasc + cz — 4 acz 
— Jer + 5734 2* rc 25 — 71 ac 2 — ec 27 
Sc. + ab + 2b; which therefore is proportional to the 
Sun's Heat. And this 1s greateſt when its Fluxion is 
equal to Nothing, viz. cz + bz—aczz—43czz + 
I'acz*z + £02*%2 —- zh, 4c2* „ c. = © Then 
dividing by = acz— 1c2* + pact? + o; 


c+b 
* = rig e, c. = ©; whence 2 + - 


T I | 
22 —— 3 ——2*+ — 2 = A, Now putting 


Ti — — 5 1 ; 
7 = 2 5=—— = UV = —; by revertin 
2 a ag 24 a $99” S 


the Series we havez= A- A142 v Fr + 26-008 Fr 


30, From 
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the Northern Parts will be gradually turn'd 
towards the Sun, and the Southern Parts from 
it; whence the Sun's Rays will fall more 
and more directly on the former, and paſs 
through a ſtill leſs Quantity of the Atmo- 
ſphere ; but in the Southern Parts, the re- 
verſe. Alſo in the Northern Parts, the 
Arches of the Parallels in the en/ighten'd 
Hemiſphere will continually increaſe, and 
thoſe in the dark one decreaſe, ſhewing the 
conſtant Increaſe of the Days, and Decreaſe 
of the Nights ; all which will be in their 
greateſt Degree when the Sun is arrived 
Cancer; and therefore that will be the 
Middle of that Seaſon we call SUMMER, in 
Northern Latitude ; but in Southern Lati- 


tude 


30. From this Theorem it will be eaſy to compute 
the Value of z, or the Time from Noon when the Heat 
is greateſt on an 1 Day. For Example: Let it be 
required for the Day of the Summer Solſtice in the La- 
titude of 51* 30% . the Declination is 23® 30". 
Then ſince (by Art, 24, 25.) we have à = 2,146, 
b = 0,3121, c 0,5709, 6 + c.= 0,883, and ac = 


2A o, 207. Whence by 


the three firſt Terms of the Series we ſhall have à = A 
—rA* +2rr - x A* = 0,7862. Therefore tay, 
As the Ci-cumference 6, 283: 360® : 0,7802 :' 45? 
nearly. Whence, by allowing 15 to an Hour, it a 


pears that the hotteſt Time of the ids is Three o. ag in 
the ro. 


1,225 ; therefore 


{ 
[ 
1 
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tude every Thing will be the reverſe, and 
their Seaſon Winter. 

Taz North Frigid Zone is now wholly 
enlighten'd, and the Pole turned towards 
the Sun as far as poſſible ; but now as the 
Earth moves on, the North Pole returns, 
the Diurnal Arches begin gradually to de- 
creaſe, and the Nocturnal to increaſe; and 
of conſequence the Sun's Rays fall more 
and more obliquely, and his Heat propor- 


tionally diminiſhes till the Earth comes to 


Aries, when the Sun will appear in Libra; 
and thus produce an Equality of Light and 
Heat, of Day and Night, to all Parts of 
the World. This will be the Middle of the 
Seaſon call'd AuTUMN, and that Day the 
Autumnal Equinox. 

Bur as the Earth goes on through Aries, 


Taurus, and Gemini, you will ſee the Sun 


paſs through the oppoſite Signs of Libra, 
Scorpio, Sagittarius. The North Pole is now 
in the dark Hemiſphere, and the Frigid Zone 
is now more and more obſcured therein : 
All Northern Latitudes continue gradu- 


ally turning from the Sun; and his Rays 


fall more and more obliquely on them. 


and paſs through a larger Body of the At- 
moſphere : 'The No#urnal Arches continue 
to increaſe, and the Diurnal to decreaſe : 
All which contribute to make the diſmal 


dreary 
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dreary Seaſon we call WINTER; the Midſt 
whereof 1s ſhewn by the Sun's entering the 


firſt Scruple of Capricorn on the 1oth of 
December (Old-Stile) „as by the Index may 


be ſeen. 


LasrLY: As the Earth journeys on 
from thence through Cancer, Leo, and Vir- 
go, the Sun appears to paſs through Capri- 
corn, Aquarius, and Piſces ; and all Things 


change their Face. The Northern Climes 


begin to return, and receive more directly 
the enlivening Beams of the Sun, whoſe Me- 
ridian Height does now each Day increaſe 
the Days now lengthen, and the tedioug 
Nights contract their reſpective Arches ; 
and every Thing conſpires to advance the 
delightful Seaſon of the SPRING, the Midſt 


whereof is ſhewn by the Earth's returning 
again to that Point, where firſt we gave it 


Motion. 

ALL theſe Appearances of the Seaſong, 
Sc. are ſhewn as well for the Southern La- 
titudes, where at the ſame time they hap- 
pen in Order juſt the reverſe to what we 
have now obſerved for the Northern. Thus, 
when it is Summer with us, it is Minter with 
them, and they have their Days ſhorteſt 
when ours are longeſt; and vice verſd. 
All which is 211 diſtinctly ſeen in the Or- 
rery. 


Ar 
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Ar the ſame time the Earth is going 
round the Sun, the Moon 1s ſeen conſtantly 


circulating round the Earth once in 29 


Days and a half; which Days are num- 
ber'd on a filver'd Circle, and ſhewn by 
an Index moving over them. Thus each 
Day. of the Moon's Age, and the Phaſfis 
proper thereto, are ſhewn for any required 
Time; and alſo why we ſee always one and 
the ſame Face of the Moon, vis. on account 


of her turning about her own Axis in the 
fame Time ſhe takes to revolve about the 


Earth. 

AGAIN : By placing a Lamp in the Or- 
rery, and making the Room dark, we ſee 
very naturally how the Sun is eclipſed by 
the New. Moon, and the Shadow paſſing 


over the Diſk of the Earth; and alſo how 


the Moon, at Full, is eclipſed by paſſing 


through the Shadow of the Earth. Here 


alſo we ſee the Manner how Mercury and 
Fenus tranſit the Sun's Face in Form of a 
dark round Spot; and alſo why they can 


never appear at a great Diſtance from the 


Sun; and various other Phenomena, of the 
like Nature. (CXLIII.) © 
TR 

(CXLUI.) 1. The Dofrine of Eci irsEs is next to 
be explained. The Sun being a luminous Body, vaſtly 


larger than the Earth, will enlighten ſomewhat more 
| | than 
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TE CoMETARIUM is a very Curious 
Machine, which exhibits an Idea of the 
g | Motion 


than One-half of it, and cauſe the Earth to project a 
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long conical Shadow, as is repreſented in the Figure, pf LY 


where S is the Sun, E the Earth, and H B D its 
Shadow. g 

2. In order to find the Extent or Magnitude of the 
Earth's Shadow, the Lines being drawn as in the Fi- 
gure, in the Triangle 8S B M, the outward Angle SD A 
=DSB + DBS, the two inward and oppoſite Angles; 
but the firſt, viz. D SB, is that under which the Earth's 
Semidiameter C D appears at the Sun, which is not 
ſenſible ; therefore D B S, the Semi-Angle of the Cone, 
is equal to A DS, which is the Angle under which the 
Sun's Semidiameter A S appears at the Earth, which in 
its mean Diſtance is 16 Minutes, 

3. Hence we. can find the Height of the — 
Cone CB; for in the Right-angled Triangle CB 
there is given the Side C D = 1, and the Angle CBD 
= 16 Miautes ; therefore to find the Side CB, ſay, 

As the Tangent of C BD = oo? 16' = 7.667849 

Is to the Radius 9o oo = 10.000009 

So is Unity I'= 0 


To the Length ofthe Side CB = 214,8 = 2.332151 
4. The Height of the Earth's Shadow being at the 
mean Diſtance of the Sun 214,8 Semidiameters, when 


the Sun is at its greateſt Diſtance it will make CB = ' 


217 Semidiameters of the Earth, which is its greateſt 
Height. Hence we ſee the Height of the Shadow is near 
three times as great as the mean Diſtance of the Moon, 
or 60 Semidiameters : But the Height of the terreſtrial 
Shadow falls far ſhort of the Diſtance of Mars, and 


therefore can involve no one of the heavenly Bodies but 
the Moon. | 


5. After the ſame Manner it may be ſhewn that the 


Angle of the Moon's Shadow (and indeed of all Spheres 
whoſe Semidiameters bear no ſenſible Proportion to their 


Diſtance from the Sun) is of the ſame Dimenſions with 
Vor, III. . that 


Fig. 2. 
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Motion or Revolution of a Comet about 
the Sun; and as this Sort of Motion is 
| not 


that of the Earth; whence thoſe Cones are ſimilar 
Figures, and fo have their Heights proportional to the 


Diameters of the Baſes. Therefore ſay, As the Diame- 


Pl. LX. 
Fig. 3. 


ter of the Earth 100 is to the Diameter of the Moon 
28, ſo is the Altitude of the Earth's Shadow 214,8 to 
the Altitude of the Moon's Shadow 60 +444, of the 
Earth's Semidiameters. The Shadow of the Moon 
therefore will juſt reach the Earth in her mean Diſ- 


' tance, which it cannot do in her Apogee; but in her 


Perigee it will involve a ſmall Part of the Earth's Sur- 
face. 

6. Beſides the dark Shadow of the Moon, there is 
another called the Penumbra, or Partial Shadow ; to 
repreſent which let 8 be the Sun, T the Earth, D the 
Moon; and let K CF and AB E be two Lines touch- 
ing the oppoſite Limbs of the Sun and Moon; then 'tis 


evident that C FEB will be the dark or abſolute Sha- 


dow of the Moon, in which a Perſon on the Earth's 
Surface between E and F is wholly deprived of the Sun's 
Light. Moreover, Let K BG and A CH be two other 
Lines touching the Sides of the Sun and Moon alter- 
nately, and interſecting each other in the Point I above 


* the Moon. Then will H C B G be the Penumbra above- 


mentioned, and is the Fru//um of the Cone GIHz; 
for *tis evident that a Part of the Sun will be ſeen and 
Part thereof hid to a Spectator on the Earth's Surface 
between F and H, and E and G; or, in other Words, 
the Sun in thoſe Parts of the Earth will appear only 
partially eclipſed. 

7. To calculate the Angle of the Cone HI G, draw 


S B, then in the oblique Triangle B I 8, the external 
Angle BI D is equal to both the inward and oppoſite 


Angles I B S and 18 B; but IS B is that under which 
the Semidiameter of the Moon appears at the Sun, and 
is therefore inſenſibly ſmall ; whence the Angle BID 
IBS or K BS = the apparent Semidiameter of the 
Sun. Therefore the. Part of the Penumbral op: 
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not performed in circular, but very elliptic 
Orbits, ſo in this Inſtrument, a peculiar 


Con- 


CTB is equal and ſimilar to the dark Shadow of the 


Moon. 
8. Let us now ſee how much of the Earth's Surface 


can be at any time involved in the Moon's dark Sha- 


dow, or the Quantity of the Arch EF. In order to 
this let us ſuppoſe the Sun to be in Apogee, and the 
Moon in Perigee; and in that Caſe the Height of the 
conical Shadow will be about 61 Semidiameters, and 
the Diſtance of the Moon about 56 ; that is, (in Fig. 4.) 
DK = 6, DT = 6, t&T E = 1« in this Ca 
alſo the Half-Angle of the Shadow T K E = 15' 50% 
as being leaſt of all. Therefore ſay, 

As Unity, or the Side „ 

Is to the Side TK = 5 = o. 608970 
Sois Sine of the Semi-Angle TKE =15'50"= 7.663238 


To Sine of the Angle TEK = 1 197 10” = 8. 362208 
Wherefore T EK TTK ES ATE SAE = 1235, 
and ſo FE = 3ꝰ 10 = 190“ = 220 Miles Statute Mea- 
ſure; which is therefore the Diameter of the dark Sha» 
dow on the Earth's Surface when greateſt. 

9. After a like Manner you find the Diameter of the 
Penumbral Shadow at the Earth, as GE F H, when 
greateſt of all, that is, when the Earth is in Perihelio, 
znd the Moon in her Apogee; for then will the Sun's 
apparent Diameter be equal to 16' 23” = T 1 G, the 
greateſt Sdemi-Angle of the Cone; and thence we ſhall 
find I D = 584 Semidiameters of the Earth. In this 
Caſe alſo the Diſtance of the Moon from the Earth is 
DT = 64 Semidiameters. Therefore, As TG = 1: 
TI = 1224 :: Sine of the Angle T1G = 16' 23's 
Sine of the Angle IGN = 35˙ 42'. But IG N 
TIGTIT G, and ſo IlTG=IGN—TIG= 
35? 25/; the double of which is 70? 5 = GEF H 
= 4900 Engliſb Miles nearly. 

10. Since an Eclipſe of the Sun proceeds from an 
Interpoſition of the Moon, *tis evident, if the Sun and 


O2 | Moon 
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Contrivance by elliptical Wheels is neceſſary 
to effect it; of which we have given a 
Print 


Moon were always in the ſame Plane, there would ne- 
ceſſarily be an Eclipſe of the Sun every time the Moon 
P I. LX. came between the Sun and Earth, that is, at every New 
Fig. 5. Moon. For let X be the Sun, T the Earth, and FB G H 
| the Moon's Orbit in the Plane of the Ecliptic; then 
when the Moon comes to be at B in the Right Line 
T X, which joins the Centres of the Sun and Earth, 
it will be exactly interpoſed between the Sun and a Spec- 
- ator on the Earth at V. and ſince the apparent Mag- 
nitude or Diſk of the Sun is the ſame nearly with that 
of the Moon, it muſt neceſſarily be hid behind the Sun's 
Diſk at that time, and ſo eclipſed from the Sight of the 
Spectator; and this muſt be the Caſe whenever the 
Moon comes into the ſaid Line or Point B, viz. every 
New Moon. | 
11. But if (as the Caſe really is) the Orbit of the 
Moon be not in the Plane of the Ecliptic, but inclined 
thereto under a certain Angle, there may be a New 
Moon, and yet no Eclipſe of the Sun at the ſame 
time. To illuſtrate this, let ABCDE be a Circle 
in the Plane of the Ecliptic, deſcribed at the Diſtance 
of the Moon's Orbit AG H, and interſecting the ſame 
in the Points B and D, making an Angle therewith as 
ABF, whoſe Meaſure is the Arch GC, as being 
O—_ diſtant from the angular Points or Nodes 
and D. 
12. Now 'tis evident, if the Arch G C be ſomewhat 
reater than the Sum of the apparent Semidiameters of 
the Sun and Moon then at G, and ſome Diſtance from 
G towards B, there may be a New Moon, and yet no 
Eclipſe of the Sun, becauſe in this Caſe the Diſk of the 
Moon G is too much elevated or depreſſed above or 
below the apparent Diſk or Face of the Sun C to touch 
it, much leſs to hide or eclipſe any Part thereof; as is 
evident from the Figure. | 
13. At a certain Point M in the Moon's Orbit, the 
Moon will have a Latitude equal to the Sum of the 
Semidiameters 
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Print in Plate XII. The Comet repre- 
ſented in this Machine 1s that which ap- 
peared 


Semidiameters of the Sun and Moon; and therefore 
when the Moon is new in that Point, ſhe will appear 
to a Spectator in the Point Z to touch the Sun only; 
from whence this Point is called the Ecliptie Limit, in- 
aſmuch as it is impoſſible there ſhould happen a New 
Moon in any Part between this and the Node D (on 
each Side) without eclipſing the Sun leſs or more; as 
you ſee the Partial Eclipſe at K, and the Total Eclipſe 
in the Node itſelf B. | 

14. What we have hitherto ſaid has been with regard 
to the Phenomena of an Eclipſe of the Sun as the 
appear to a Spectator on the Earth's Surface, in whols 
Zenith the Moon then is, and where there is no Re- 
fraction to alter the true Latitude of the Moon : But 
where the Moon has any Latitude, there the Proceſs 
of calculating the Appearances of a Solar Eclipſe will be 
ſomewhat more complex, on account of the Variation 
of the Moon's Latitude and Longitude for every different 
Altitude, and conſequently every Moment of the Eclipſe. 
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15. But that I may give a clear Idea of this Affair of pj, LXI. 


Refractions, let A B D be the Surface of the Earth, M pj; 


the Moon, S the Sun, ſeen from the Centre of the 


Earth T in the ſame Point of the Heavens with the 


Moon, and conſequently centrally eclipſed to a Spectator 
at C, in whoſe Zenith the Moon is: But to a Spectator 
any where elſe ſituated, the ſame "Phenomenon will not 
happen in the ſame Circumſtances, if at all. Thus a 
Spectator at B will view the Moon in the Direction of 
the Right Line BM N, and fo her apparent Place in 
the Heavens will be at N, where it 1s evident her upper 
Limb will but juſt touch the lower Limb of the Sun, 
and fo will not eclipſe it at all: But to a Spectator any 
where between B and C the Sun will appear to be 
partially eclipſed leſs or more, as you go from B to- 
wards C. | 

16. This Arch SN in the Heavens is called the Pa- 
rallax, or Difference . the trus and apparent Plac⸗ 

3 


g · 1. 
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peared in the Year 1682, whoſe Period 
is 75 Years and a half, and therefore will 
Sh again 


of the Body at M, and is equal to the Angle S MN or 


BM T. Now this Angle or Parallax is conſtantly 
diminiſhing, as the Phenomenon at M approaches to- 
wards the Zenith at E, where it entirely vaniſhes ; but 


increaſes as it approaches the Horizon at G, where it is 


Pl. LXI. 
Fig, 2 


greateſt of all, and is there called the Horizontal Pa- 
Yallax, which in the Moon amounts to a whole Degree, 


as was ſhewn Annot. CXXXV. 


17. It is here obſervable, that the Parallax. always 
depreſſes the Object, and therefore when the Moon has 
North Latitude it is diminiſhed, but the South Latitude 
1s increaſed, with reſpect to us; and ſo the Ecliptic 
Limits are vatiable in every particular Latitude. But a 
Solar Eclipſe may in an abſolute Manner be beſt repre- 
ſented by a Projection of the Earth's Diſk, and of the 
Section of the dark and penumbral Shadow of the 
Moon, as they appear (or would appear) to a Specta- 
tor at the Diſtznce of the Moon in a Right Line join- 
ing the Centres of the Sun and Earth, 

18. In order to this, we are to find the Dimenſions 
of the apparent Semidiameters of the Earth, dark Sha» 
dow, and Penumbra, at the Diſtance of the Moon. As 
to the firſt, vi. the Earth's Semidiameter, it is equal 
to the Moon's horizontal Parallax, as we have ſhewn. 
That of the dark Shadow is thus eſtimated : Let C be 
the Centre of the Moon, D B its Diameter, DH B its 
dark Shadow, and K A L the Penumbral Cone. Then 


let E F be the Diameter of the Penumbra at the Earth, 
and I G that of the dark Shadow, and draw C G and 


CE; then is the Angle CGB = BHC + HCG, 
and ſo GCH = BGC—BHC; that is, the appa- 
rent Semidiameter of the dark Shadow is equal to the 
Difference between the apparent Semidiameters of the 
Moon and Sun. (See Art. 2. and 5.) 
19. In like Manner the Angle EC HS DEC + 
DAC, that is, the apparent Semidiameter of the Pe- 
numbra at the Earth is equal to the Sum of the appa- 
| fen 
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again appear in 1758. By this Piece of 
Machinery is ſhewn the unequal Motion of 
a Comet 


rent Semidiameter of the Moon and Sun (ſee Art. 7.). 
Now the Semidiameters of the Sun and Moon, and alfo 
the Moon's horizontal Parallax, are already calculated 
for the various Diſtances of the Sun and Moon from 


IP 


the Earth, and for leaſt, mean, and greateſt Eccentri- 


Cities of the Lunar Orbit, in the A/ronomical Tables. 


20. Therefore let AE repreſent a ſmall Portion of pj LYI 


the annual Orbit, and F H the viſible Path of the Centre 
of the Lunar Shadows, which will exactly correſpond 
to the Poſition of the Moon's Orbit with reſpe& to 
the Ecliptic in the Heavens ; and therefore the Point of 
Interſection & will be the Node, and the Angle HQ E 
the Angle of Inclination of the Lunar Orbit to the 
Plane of the Ecliptic, which is about 5 Degrees. 

21. Hence if EP Qs repreſent the Diſk of the 
Earth (according to the Orthographic Projection) in the 
ſeveral Places Q, B, C, D, whoſe Semidiameter is 
made equal to the Number of Minutes in the Moon's 
Horizontal Parallax at the Time of the Eclipſe ; and 
if in the Path of the Shadows in the Points Q, R, N, G, 
we deſcribe a ſmall Circle whoſe Semidiameter is equal 


to the Difference between the Semidiameters of the Sun 


and Moon, that ſhall be the circular Section of the 
Moon's dark Shadow at the Diſtance of the Earth 
(by Article 18.). Laſtly, if on the ſame Centre we de- 
cribe a larger Circle, whoſe Semidiameter is equal to 
the Sum of the Semidiameters of the Sun and Moon, 
that ſhall repreſent the Section of the Penumbral Sha- 


dow, (by Art. 19.) and is here ſhewn by the dotted 


Area. 

22. Here then it is evident, if the Moon, when New, 
be at the Diſtance 8 G from the Node, the Penumbral 
Shadow will not fall near the Earth's Diſk, and fo 
there cannot poſſibly happen any Eclipſe. If the Moon's 
Diſtance from the Node be equal to & N, then the 
Penumbral Shadow will juſt touch the Diſk, and conſe. 
quently a C the Zclipric 1.7 which may be found 

4 2 


? 


Fig. J 
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ſo that A K is the Ecliptic, A Q the Equator, X Y the 


ASTRONOMY, 
a Comet in every Part of its Orbit, and 


how from thence it moves with a retarded 
Velocity 


follows. The Line NC, as being the neareſt Diſ- 
tance of the Centres of the Shadows and Diſk, is per- 
pendicular to the Path F H, and is equal to TC + 
NT = 62 10” + 160 52” + 16 23 viz. the Sum of 
the Moon's Horizontal Parallax, and of the Semidiame- 
ters of the Sun and Moon, all of them when greateſt : 
Alſo the Angle N C, when leaſt, is 5 30%. There- 
fore inſthe g Triangle N @ C, to find the 
Side Q. C, we have the following Analogy. - 

As the Sine of the Angle N C = 5* 30' = 8.981573 
Is to Radius 90 oo! = 10,000000 
So is the Logarithm of the Side NC=95',5= 1,980c03 


To the Logarithm of the Side & C=996',4= 2. 9984 30 

23. The Ecliptic Limit, therefore, is 996% = 16? 
26', beyond which Diſtance from the Node & there can 
be no Eclipſe ; and within that Diſtance if the Moon 


, be New, the Shadow will fall on ſome Part of the Diſk, 


as at B; where all thoſe Places over which the Shadows 
paſs will ſee the Sun eclipſed, in part only by the dotted 
Penumbral Shadow, but totally by the dark Shadow; and 
the Sun will be centrally eclipſed to all thoſe Places over 


which the Centre of the Shadows paſſeth. 


24. If the Moon be new in the Node itſelf, then will 
the Centre of the Shadows paſs over the Centre of the 
Diſk, as repreſented at g. In this Caſe if the apparent 
Diameter of the Moon be greater than that of the Sun, 
the Face of the Sun will be wholly obſcured to all Parts 
over which the Centre paſſes; but if not, the Sun will 
only be centrally eclipſed, but his Circumference will 
appear a bright Aunulus, or luminous Ring, whoſe 
Width will- be equal to the Difference of the Diameters 
of the Luminaries. | | 
25. As the Diſk of the Earth is here projected, it 
repreſents the Caſe of an Eclipſe on an Eguincctial Day, 


Axis 


% 
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d Velocity till it arrives at the Aphelion Point, 
d where it moves {loweſt of all; and from 
y thence 
. Axis of the Ecliptic, P S the Axis of the Equator or of 
the Earth, P and S the North and South Poles; beſides 
2 the Tropics and Polar Circles, here repreſented by Right 
f Lines, as in the common Analemma. And by thoſe who 
— underſtand this Projection, the Diſk of the Earth and 
: the Paſſage of the Shadows over it may be exhibited 
* for any Place of the Sun, or Declination of the Moon; 
e for which ſee my Young Trigonometer's Guide, Vol. II. 


26. Lunar EclipsEs are not quite ſo complicated 
in Theory, nor near ſo tedious and difficult in Calcula- 
tion, as Solar ones. The latter are only appgrent, the 
former really ſuch ; that is, the Moon is really deprived 
of its Light, and therefore muſt appear obſcured to all 
the Inhabitants of the Earth equally, by whom ſhe can 
be ſeen ; whereas the Sun, not being deficient in Light, 
will ever appear reſplendent to thoſe who do not hap- 
pen to live on that Part of the Earth where the Lunar 
Shadows paſs. 

27. As a Lunar Eclipſe is occaſioned by the Im- 
merſion of the Moon into the Earth's Shadow, we have 
only to calculate the apparent Semidiameter of the Earth's 
Shadow at the Moon, in order to delineate an Eclipſe 
of this Sort, Thus let A B be the Earth, T its Centre, pj, LXI. 
AEB its Conical Shadow, D C the Diameter of a Fig. 4. 
Section thereof at the Moon; and drawing T D, we 
have the outward Angle ADT =DTE + DET; 
therefore DTE=ADT—DET; that is, the 
Angle D TE, under which the Semidiameter of the - 
Earth's Shadow at the Diſtance of the Moon appears, 5 
is equal to the Difference between the Moon's Hori- 
zontal Parallax AD T, and the Semidiameter of the 
Sun DEF. 


28. If therefore A E repreſent the Path of the Earth's Fig. 5. 
Shadow at the Diſtance of the Moon near the Node Q, 
and FH a Part of the Lunar Orbit, and the Section of 
the Earth's Shadow be delineated at , B, C, D, and 
the Full Moon at &, I, N, G; then 'tis evident, where 
the 
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thence it is ſeen continually accelerating its 
Motion towards the Peribelium, in ſuch 
manner as the Laws of Attraction require, 


The Comet is repreſented by a ſmall Braſs 


Ball, carried by a Radius Vector, or Wire, 
in an elliptic Groove, about the Sun in one 
of its Foci; and the Years of its Period 
are ſhewn by an Index moving with an 

equable 


the leaſt Diſtance of the Centres of the Moon and Sha- 


dow exceeds the Sum of their Semidiameters, there can 


be no Eclipſe of the Moon, as at D. But where that 
Diſtance is leis, the Moon muſt be partly or wholly in- 
volved in the Shadow, and ſo ſuffer an Eclipſe, as at 
B and &9; in which latter Caſe the Moon paſſes over 
the Diameter of the Shadow. 

29. But in a certain Poſition of the Shadow at C, the 
leaſt Diſtance of the Centres NC is equal to the Sum 
of the Semidiameters ; and therefore & C is the Ecliptic 
Limit for Lunar Eclipſes : To find which, we have NC 
= 63' 12” nearly when greateſt, and the Angle N  C 
= 5? 0&'. Therefore ſay | 
As the Sine of the Angle NGC = 5? oo = 8.940296 
Is to Radius go? oO = 10,000000 
So is the Logarithm of the Side NC=63,2= 1.800717 


— — 


To the Logarithm of the Side & C=725', 2= 2860421 


Hence if the Moon be at a leſs Diſtance from the Node 
& than 725 = 12 5% there will be an Eclipſe ; other- 
wiſe none can happen. 

30. If the Earth had no Atmoſphere, the Shadow 
would be abſolutely dark, and the Moon involved in it 
quite inviſible ; but by means of the Atmoſphere many 
of the Solar Rays are refracted into and mixed with the 
Shadow, by which the Moon is render'd vilible in the 
midft of it, and of a duſky red Colour. 
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equable Motion over a graduated filver'd 
Circle: The Whole being a juſt Repreſen- 
tation of the preſent Theory of thoſe prodi- 
gious and wonderful Phenomena of the Pla- 


netary Syſtem (CXLIV.). 


(CAL 1. I ſhall here preſent the Reader with 
as large a Compendium of the NewToxtian CoMETo= 
GRAPHY as the Limits of th!z Work will permit, or, 
perhaps, as he may have an Inclination to read. Sir 
lſaac has made the Doctrine or A/tronomy of Comets the 
Iz Part of his immortal Principia, and declares it to 
be by far the moſt difficult and intricate Part of Philo- 
ſophy. | 

2 CoMET is a Sort of Planet revolving about the 
Sun, in a very eccentric Orbit or Ellipſis, and which 
conſequently approaches very near the Sun in one Part 
of its Orbit, and recedes to a very remote Diſtance from 
it in another. Hence 'tis evident, they muſt undergo 
extreme Degrees of Heat and Cold. Hence it appears 
that the Comets are ſolid, compact, fixed, and durable 
Bodies, and not a Vapour or Exhalation of the Earth, 
Sun, or Planets, as has been uſually ſuppoſed ; becauſe 
if it were ſuch, it muſt inevitably be diſſipated and diſ- 
perſed in paſting ſo near the Sun : For the Diſtance of 
the Comet of 1680 in Perihelio was fo ſmall, that it con- 
ceived a Degree of Heat above 200 times greater than 
that of red-hot Iron. | 
3. Yet are they not ſo fixed, but that they emit a fine, 
thin, lucid Vapour ; which at firſt, while the Comet 
is yet a great way from the Sun, ſurrounds the Body in 
Form of an Atmoſphere, and begins to render the Comet 
viſible. As the Comet approaches nearer the Sun, this 
Vapour begins to aſcend from the Head or Nucleus, to 
Heights greater and greater, as the Comet gets nearer 
and nearer to the Sun, and makes thoſe amazing Streams 
of Light we uſually call their Tails. All which is eaſy 
to conceive from a View of the Figure, 
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4. Theſe Tails alſo are ſo fine and tranſſucid, that 
the Stars are diſtinctly viſible through them. As the 
riſe from the Head and aſcend, they become — 
and grow broader towards the upper End. The Form 
of the Tail is well known to all now living who ſaw 
the late Comet; in which we obſerve the Tail had a 
ſmall Flexure or Curvature, as they all have, being 
convex on the anterior Part, and concave behind, which 
ariſes from the twofold Motion of the Particles of the 
Tail, the one of the Aſcent from the Head, the other 
being the progreflive Motion in common with the Nu- 
cleus itſelf. But as the former is much the greateſt, ſo 
its Direction is but little alter'd by the latter, and ſo 
the Poſition of the Tail but a little oblique and incur- 
vated. 

5. As to the Cauſe of the Aſcent of the Cometary 
Vapour or Tail towards the Parts oppoſite to the Sun, 
there have been various Surmiſes and Conjectures, for 
ſo I call them, as not being attended with Certainty and 
Demonſtration. Kepler aicribes it to the Action of the 


| Sun's Rays rapidly carrying the Matter of the Tail away 


with them. And Sir J/aac does not think it diſſonant to 
Reaſon, to ſuppoſe the ſubtil #ther in thoſe free Spaces 
may yield to the Action and Direction of the Sun-Beams, 
It is certain from Experiments, that the Solar Rays col- 
lected by a Burning-Glaſs to a Focus, impel Light and 
pendulous Bodies very notably, even ſo as to make them 


| vibrate backwards and forwards : And though this Im- 


pulſion of the Rays of Light with us, in our groſs Me- 
diums, and on our ſluggiſh Matter, be inconſiderable; 


= in thoſe free Spaces, and on the ſubtil EMuvia or 


ne Particles of the Cometary Atmoſphere, it may be 
very great. I know there are other and later Hypo- 
theles to account for the Motion and Form of a Comet's 
Tail; but on Examination they appear to be inſuffi- 


cient, improbable, and unphiloſophical, and therefore 


ſhall not trouble the Reader with them. 

6. The Bodies of Comets are very ſmall, and above 
the Orbit of the Moon, as is evident from hence, that 
they have no perceptible Horizontal or diurnal Parallax, 
and when view'd with a Teleſcope at their neareſt Diſ- 
tances appear leſs than to the naked Eye, by having the 
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Splendor of their Tails taken off, and that of the At- 
moſphere abated by being magnified. The Nucleus of 
the laſt Comet meaſured but a few Seconds, as I found 
by meaſuring the Atmoſphere by a Micrometer, and 
taking a proportional Part, 

7. On the other hand, by their annual Parallax they 
are proved to deſcend within the Regions of the Planets 
3 alſo appear ſometimes direct and ſlower than they 
really move, ſometimes retrograde and ſwifter than the 
true Motion, and laſtly, they are ſometimes fationary 
all which Phænomena ariſe from the ſame Cauſes as 
were before explained of the Planets, (See Annotation 
C XXXIX.) 

8. Since the Comets by Obſervation are found to de- 
ſcribe curve Lines about the Sun, they muſt be drawn 
by ſome Force from a rectilinear Courſe by the firſt Law 
of Motion. And fince this Force in all the Planets 
tends to the Sun, as being the largeſt Body in the Syſ- 
tem, therefore alſo this Force in the Comets reſpects the 
Sun in a more immediate Manner, as being ſo much leſs 
than it than moſt of the Planets are. And laſtly, as 
this Force in the Planets is inverſely in the duplicate 
Ratio of the Diſtance from the Sun, the ſame Law is 
undoubtedly obſerved by the Comets, which are in other 
reſpects Bodies ſimilar to the Planets. The Comets 
therefore move in Conic Sections about the Sun, having 
their Foci in the Sun's Centre, (See Annot. CXL.) 

. Hence, if Comets return in an Orbit, thoſe Or- 
bits muſt be Ellipſes; and their Periodical Times will 
be to the Periodical Times of the Planets in the ſeſ- 
quiplicate Ratio of the principal Axes: And therefore 
the Comets being for the moſt Part beyond the Plane- 
tary Regions, and on that account deſcribing Orbits 
with much larger Axes than the Planets, revolve more 
ſlowly. Thus if the Axis of a Comet's Orbit be 
4 times as long as that of Saturn's Orbit, then would the* 
Time of the Period of the Comet be to that of the Pla» 


net as 4 4tol, or as 8 to 1, viz. 8 & 30 = 240 

Years. | 
10. Since it is found by Obſervations that the Comes 
tary Orbits are extremely eccentric, and that the Por- 
tion which a Comet deſcribes during the whole Time of 
; its 
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its Appearance is but a very ſmall Part of the Whole, 
the Centre of ſuch an Ellipſis being removed to fo vaſt 
a Diſtance muſt occaſion the Curvature at each End 
to be valtly near that of a Parabola having the ſame 
focal Diſtance ; and conſequently the Motion of a 
Comet may be calculated in a Parabolic Orbit without 
any ſenſible Error. 

11. Therefore the Velocity of a Comet in Periheliy 
(viz. in the Vertex of the Parabola P) is to the mean 
Velocity of a Planet deſcribing a Circle about the Sun, 


at the ſame focal Diſtance. S P, as / 2 to 1. And 
ſuppoſing the Earth to be that Planet, let us put the 
Radius of its Orbit S PÞ = 100000, and then fay, As 


the whole Periodical Time of the Earth 365* is to the 
whole Periphery 628318, ſo is z Day to 1720, 2 Parts 


deſcribed in one Day; and in one Hour it will deſcribe 


71,67 Parts. But as 1:4/ 2 :: 1720,2 2432, 747 
the Parts deſcribed by the Comet in one Day; and fo 
the Parts deſcribed by the Comet in one Hour will be 
101,364. 

12. Whence if the Latus Rectum L R of the Para- 
bola be equal to 4 times the Radius S P of the Earth's 


Orbit, and we put 8 P? = x00000000, the Area which 
the Comet will deſcribe each Day, by a Ray drawn 
to the Sun, will be 12163734 of thoſe Parts, and each 
Hour an Area of 50682 Jof thoſe Parts. To demon- 
ſtrate this we mult conſider, that the Square of the Dia- 
meter of any Circle is to its Area as 1: 0,7854 :: 4: 
„14159; therefore the Square of Radius or 2M = 1, 
hence the Arca of the Circle is to the faid Square 


PM as 3,14159 to 1. And the Rectangle PL = 2. 


But the Parabolic Area PLS = = PL = * 4. 
Hence this Area PLS is to the Area of the Circle as 
- to 3,4159. And if the Velocity of the Comet 


and Planet at P were the ſame, the Time in which the 
Comet would deſcribe the Arch of the Parabola P L 
would be to the Time in which the Planet deſcribes its 


Orbit in the ſame Ratio of 5 to 3,14159, But theſe 


Velocities 


vel 


As TRONOMu x. 


velocities are as V to 1; therefore the ſaid Times 
will be — 24. that is, as = * 
3 1 1 1 9 

to 3,1459. Wherefore ſay, As 3,4159: \ 8 
| . 9 22 


305 D. 6 H. 9“: 109 D. 14 H. 46 the Time in which 
the Comet will deſcribe the Arch PL. If then P S2 
P M = 100000000, we have the Parabolic Area PLS 
2 133333333 Parts deſcribed in 109 D. 14 H. 46“; 
and therefore the proportional Parts for a Day and Hour 
as above. | | 

13. What thoſe diurnal and horary Areas are in dif- 
ferent Parabolas may be thus ſhewn. Let pi be a Pa- 
rabola ſimilar to the former PR Q; then will the Time 
T of deſcribing the Arch P R be to the Time t of de- 
ſcribing the ſimilar Arch p as the periodical Time 8 
of deſcribing a Circle on P S to the Periodical Time p of 
deſcribing a Circle on p, by the laſt Article. But P: 
p::PSHp : RI: 11: T; t; alfo the fimilar Areas 
PRS A, and pr S a, are as the Squares of their 
like Sides PS and p S; that is, A: 4 : R.: . Now 
ſince in the ſame Figure equal Spaces are deſcribed in 


equal Times, whatever Number of Days or Hours are 
contained in T and t, the Areas A and à will conſiſt of 


as many equal Parts reſpectively ; and which therefore 
we may call the — Part of A, and — Part of a, or x and 


A R* a 2 
3; fo that 11511 KM 2 5 : VK: 


E 


7. | 
14. Let the Quadrantal Area PS R of the Parabola 
PRQ be divided into 100 equal Parts, that is, let A 


A 
= 100; then = =1 of thoſe Parts, and fo — : R?, 
100 oo 


1 
Again, let N be the Number of thoſe Parts deſcribed 


in 1 Day; then will this diurnal Area be N x = 


A 
y 
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>:N x R: VR, (by Art. 13.) therefore N: K. 


15. In like Manner it is ſhewn, that if the Quadran- 
tal Area p S of the Parabola þ r q be divided into an 
100 equal Parts, and p S = , and » = Number of 


thoſe Parts in the diurnal Area; then u: — And ſo 


„„ 3 
„ SN xo ER=3D my; 


or the Radius of the Earth's Orbit. 


16. On theſe Principles the Cometary Calculus depends; 


for in any Parabolic Orbit the Quantity » = N x 5 
is the diurnal Area, and may therefore be eſteemed the 
mean Motion or Anomaly of the Comet for a Day ;, which 


'" multiplied by the Time (expreſs'd in Days) before or 


after the Comet is in Perihelio at P, will give the whole 
mean Motion or Area PR Qs for any Place of the 
Comet Qin its Orbit. In order to this we muſt have 
the Time aſcertained from Obſervation when the Planet 
was in Perihelio at P, and alſo the Perihelion Diſtance 
S P from the Sun; as alſo the Place in the Ecliptic at 
the ſame time, the Poſition of its Nodes, and Incli- 
nation of its Orbit: All which Particulars for 24 Co- 
mets the Induſtry of the great Aſtronomer of this Age 
has ſupplied, viz. Dr. Halley in his Cometographia 
which 1 have tranſcribed, and added thereto the ſame 


Things for the laſt Comet, as they were determined 


by the Reverend Mr, Betts, from the Obſervations of 
Mr. Profeſſor Bliſs of Oxford, at the Obſervatory of the 
Right. Hon. the Earl of Macclesſield, at Sherbourn in 
Oxfordſhire. x 
17. From the Place of the Comet Q draw Q A per- 
pendicular to the Axis; and let a þ be a Tangent to the 
Curve in the Point Q, and B Q drawn perpendicular 
thereto; then by the Nature of the Parabola we have 
AB=SR, the Semi-Latus Rectum. And putting the 
given AreaPQS=a,and AQ = x, we have 4, x* + 
Ix = 4, or & + 3 = 12 4; which Cubic Equation 
reſolved 


ASTRONOMY. 
reſolved gives the Ordinate A Q, and thence we have 
PA; but PA + PS = SQ = Diſtance of the Comet 
from the Sun, which therefore is given. Therefore in' 
the Triangle S A Q, right-angled at A, we have 8 
and A Q to find the Angle QS A; and then PS the 
Angle from the Perihelion is known. When this is 
done, all the- other Particulars are the ſame as in the 
Planetary Calculus. _ | 
18. Theſe are the Principles or Elements of Calcu- 
lation; which we ſhall now proceed to illuſtrate by Ex- 
ample, that ſo the Praxis may not remain fo difficult 
and obſcure as it has hitherto been; and we ſhall make 
choice of the laſt Comet for this Purpoſe, whoſe mean 
Anomaly, or diurnal Area, is in the firſt place to be deter- 


mined. 


19. In order to this, we have the conſtant mean Mo- 
tion of a Comet moving in a Parabola, whoſe Perihe- 


lion-Diſtance PS R = 1 = Semidiameter of the Earth's 
RY 100 

Orbit, viz. N = 16 B. K 
Logarithm 9.960128 is therefore always at hand for 
conſtant Uſe. 

20. The Perihelion-Diſtance PS = r = ©,22206, and 
its Logarithm 9.346472, as in the Table, for the Co- 
met of 1743. But we have its mean Anomaly n N x 


— (by Art. 15.); therefore to find » by Logarithms 


5 
the Proceſs is as follows: 


= 0.91228, whoſe 


The Logarithm of Perihelion-Diſtance 7 = 9.346472 
Which multiply bß — — WD. 


The Product is the Logarithm of FEY 8.039416 
Divide by 2, the Quotient is Log. of © 73 = 9.019708 


_ 


Arithmetical Complement is the Log. of - = 0.980292 
To which add the Logarithm of N = 9.960128 


The Log. of mean Anomaly n = 8,718 = 0.940420 
Vor. III. 21. Having 


1 — — a 
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- 21. Having thus obtain'd the diurnal Area, if we 


multiply this by any Number of Days and Decimal 
Parts of a Day, it will give the Area PR Qs, or mean 


Anomaly, for the given Time. Thus let it be required 
for January 23 D. 6 H. 11%. 


D. H. M. 
Then from the Time of Perihelion, Feb. 19 8 12 
Subduct the given Time, Jan. 23 6 11 
The Difference will be 29-2 c 


W herefore to Log. of diurnal Area 8.718 = 0.940420 
Add the Log, of the given Time 27,0833 = 1.432702 


— — 


The mean Anomaly requir'd, 82 


22. Having therefore the Area PR S = 230, I, we 
can find AQ = x, from the Equation x* + 3 x 124 
for if when the Quadrantal Area PS R is 1co, we put 
SR=x=1, then ' tis plain, «* + 3a =1 + 3 =4= 
12 4 in that Caſe. Therefore when the mean Anomaly 
is but 18 Part of this, we have & + }Jx = 5&4 = 
©,04 ; Which will be a conſtant Multiplier for reducing 
any given Anomaly to fit it for the Equation. Thus 
©,04 X 236,1 = 9,444 = #* + 3x in the preſent Caſe, 
which reſolved according to the uſual Methods gives 
x = 1,bg nearly. 

i AQ 

23. Then by the Nature of the Parabola IPs 


1, 5 x 1,65 


AP = 


= 1,8612, the Diſtance of the Comet from the Sun for 
the given Time. But to expreſs this Diſtance in the 
ſame Parts as the Sun's mean Diſtance from the Earth 
contains 1,00000, we muſt conſider that the Perihelion- 
Diſtance PS = 0,22206 ;3 whence SR = 0,44412. 
Wherefore fay, As 1 : 0,44412 :: 1,8612 : o, 8 26 50, 
the Expreſſion required. 

24. In the Right-angled Triangle QA S, having all 
the Sides, we find the Angle Q8 A = 02 363; whence 
the obtuſe Angle PSQ = 11% 323% which is the He- 
tiocentric Diſtance of the Comet from the Perihelion. 

Now 


= —2=1,3612, AloAP+PS=SQ 


„„ wq*i ata 0 = i mw qEVzeHH 
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Now ſince the Perihelion is in & 1 12' 55”, if we 
ſubduct 117* 33' 20”, we have the Heliocentric Longi- 


tude in 8 19 39“ 25”. 


25. Alſo the Deſcending Node is in M 15 45' 20”, 
from which ſubtract the Comet's Place now found, the 
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Difference 147 O5 55” is the Diſtance of the Comet Plate 
from the Node, Let the Line of the Nodes be S Q ; LXII. 
then, ſince the Perihelion P is 151* 27“ 35” diſtant Fig. 3. 


from the Node d, it will be but 28938“ 25“ diſtant 


| from the Node &. If then from the Angle Q S A = 


62 364 we dedut PS G 28* 38'25” = A S H, we 
ſhall have QS 1 = 30? 58“ 5”. : 
26. From Q let fall the Perpendicular QN on the 
Line of Nodes ; then in the Right-angled Triangle 
Q SN, having the Angle at S and the Side SQ, we 
can find AN as follows: | 
As Radius 90? = 10.000000 
To the Sine ofthe Angle QSN = 33* 58' = 9.747374 


So is the Side SQ = o, 82650 = 9.917227 


To the Length of the Side QN, = 0,46200 = 9.664601 


27. Again: In the Right-angled Triangle Q N D 
we have the Side now found Q N, and the Angle of the 


Inclination of the Comet's Orbit, Q ND = 47 955 to 


find the Side or Perpendicular QD. Thus ſay, 


As Radius 90® = 10.00000 
Is ts the Sine of Inclination QN D = 479 = 9.80513 
So is the Side QN = 0,46200 = 9.664601 


To the Perpendicular QD = o, 33860 = 9.529739 


28. We can now find the Heliocentric Latitude of 
the Comet, or the Angle QS D; for | 


As the Side QS So, 82650 = 9.917227 
Is to the Side QD So, 33860 = 9.529739 
So is Radius go? = 10.000000 


To Sine of Helioc. Lat. QS D = 24® 12' = 9.612512 


29. To find the Comet's Curtate Diſtance from the 
Sun, viz. 9 D, we have this Analogy from the Right- 
angled Triangle Q 1 a oe 

A 


gr2 As rTRONO Mv. 


As Radius 90 = 10.000009 
To the Sine of the Angle SQD = 65® 48' = 9.960052 
So is the Side SQ = 0,82650 = 9.91 7227 


To the Curtate Diſtance S D — 0,75380 = 9.877279 
30. To find the Side ND in the Right-angled Tri- 

l angle QN D, ſay, e | 4 
i 2 As Radius | 90? = 10.000000 
To Co-fine of Inclination DON = 42 51' = 9.832616 
$0 is the Side QN = 0,46200 = 9.664601 


| = SHE | * — — 
To the Side DN = o, 31420 = 9.497217 
Pj 31. Then in the Right-angled Triangle NS D we 
| can find the Heliotentric Place of the Comet in the Eclip- 


tic, or Angle D 8 N, thus: | 
I As the Curtate Diſtance S D = 0,75380 = 9.877279 
To the Side ND = o, 31420 = 9.497217 
So is Radius | 99? = 10.000000 


To the Sine of the Angle DSN = 245 a = 619938 
1 Therefore to the Place of the Node 8 1515 20% 
| | Add the Angle now found 24 38 00 
| 
| 


The Sum is the Helioc. Place in the Ecliptic, I 10 23 20 
32. The next Thing to be done is to find the Place of 
ye Sun, and conſequently of the Earth in her Orbit 
r the given Time; which is calculated from the Tables 
in the uſual Method as follows : 


Mot. of the Sun. wy Perihelion. 


ee 8 4 1 
17h. 9 21 1 58 — 3 8 13 30 
| 3. 11 29 17 0 2 30 
| Hows 00 22 40 12 3 
| jours 6 14 47 | 
| Min.11 27 | 


3 


| Mean Mot. 10 13 14 24 ——— 3 8 16 3 
1 Ezquat. add. I 7 39 IO 13 14 24 


True Place10 14-22 3 7 4 58 21M. Anom, 


* 
* 85 % | 
Pd 
— — — _= — Can — F 
* 8 wh, , 8 8 
0406 2604.9) 5 YT 14 j I 
E 1121664400 / j\ 
MS ROLE DL $6 
een f 
n C3443 $9950 . N 
CUSELESNEEY il, {+ 
1 i i 144? % 
(4 44 SI. 4, 8.5.) PEA 1440 N 
4% 4 144 iy 1 6 0 
a 44 DW ANY 
f : 171 1 447 N. 
en een | 
SITE ALE $92 N 
„nin 11 4: MY 3 
Reni tere 
4 Vis "4, 
| AISLE ES. "tb yd ,t; 
1110114747444 
1. 1774.97 ti, 
IAETIIELE TONY | 
11711111771 TRtty 
ir tt, LILLE 
: Wachen 
14 1844 1114 ti. 4 5 
4 7 
111214175 | 
1174 1149 | 
lied, 444? LSELETTTY 
1981 Nine : 
141 i 1 14 
TILT TIT 
1111994467 
19664461440 11. 
8 — 81764 %% . 
1 9561697 
y 494017 ITE 
- HL oe 145117400 11 
0 band —.— ee e MER 3 2 
CONTIN . a. — — —— — - — 
44 8 : 
17 ¹²¹t ee WY H, 7 5 
1994447 1 4 PLAT 
if 9 44% ry 
10608064 
(04,0 194 
11,865 10 
. $44%4, iþ 


>> nc cc DoOaem 
* 


8 M.. ez — — _ 
5 | — p * o * 
. 1 g 
5 6 NN 
; , g : : . 
74 
; 9 
1 1 
* : ' % 
| 3 5 
: | . L — * 
q ef ; | | | 
S | * 
\. e 


. 


| — 
| 
| 


' 4 
— 


ASTRON OM x. 


33. The Sim's Place being found in = 14% 227 O3“, 
the t.arth's Place will be in the oppoſite Part of the 
Ecliptic, vi. in g 1422 o 3 at T. If therefore from 
this we ſubtract the Comet's Heliocentric Place at H, 
we ſhall have the Arch HT = 63? 49“ 43“ = DS T, 
the Angle of Commutation. And as the Earth's mean 
' Anomaly is 7 S. 4 58“ 23% the Logarithm of the 
{Earth's Diſtance 8 T will be 9,993947. But SD is 
'alſo known; therefore we can find the Angle D T 8, 
or Elongation of the Comet from the Sun, thus: 


As the Sum of the Sides ST +SD=1,74000= 0.240549 
Is to their Difference ST—SD=0,23240= 9.366236 


So the Tang. of the Ang == 58%00'= 10. 204211 


—— —ͤ— 


To Tang. of & their pig. 12 0Z'= 9.329898 


34. Hence 58% + 12? o g 70 0 = T DS, and 
58*—12* 03. 45˙ 57 = S T D, or Longitude of 
the Comet from the Sun; which added to the Sun's 
Place at I gives the Geocentric Longitude of the Comet at 
L, in y 00? 19/7: And to find the Geocentric Latitude, 
of Angle D T Q, we have this Analogy: 


As the Sine of Commutation I SD = 64® oO . 9536 50 
Is to the Sine of Elongation S1 D g 45 57 . 850508 
So is Tang. of Helioc. Lat. DS g 24 12'=9.652650 


To the Tang. of Geo. Lat. DTQ=14c* 46'=9.555568 
35. Thus you have the whole Proceſs of Calculation, 
as it relates to the Phænomena of a Comet moving in 
a Parabola near the Vertex, and is the ſame with that 
uſed for the Planets (from the 25th Article incluſive). 
And though it is certain (from what will be thewn by 
and by) that this Comet does not deſcribe a Parabola, 
mi an £/lipis, yet the computed Longitude and Lati- 
tude are the ſame which the Comet was oblerved to 
have at that very Time; whence the Accuracy of this 
Method ſufficiently appears : But as it is thus limited to 
a Parabola, and only one ſmall Part of that, and can- 
not be extended to determine the Axis of the Orbit, or 
the Time of its Revolution, I ſhall here fupply this 
F 3 * great 
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great Deficiency by ſhewing a direct and geometrical 
Method of 1 of all the Phenomena of a 
Comet moving in any Conic Section, which was firſt 
invented by M. Bonguer, in Mon. Pariſ. An. 17333 
which Method I ſhall explain, illuſtrate, and exemplify 
in the following Articles. 

36. Let AK Bl be the Trajectory of a Comet, A B 
its longeſt Axis, IK the ſhorteſt; S, F, the two Foci, 
in one of which the Sun is at 8; C the Place of the 
Comet, CS its Diſtance from the Sun; D CE a Tan- 
gent to the Curve in the Point C; Ce the Space paſſed 
over by the Comet in a ſmall Particle of Time; S D, 
F E, Perpendiculars from the Foci to the Tangent ; 
And draw 8 G parallel to D E, and join FC. Allo let 
AN O be the elliptic Orbit of any Planet; 8, , its 
Foci. Laſtly, let ALB be a Circle deſcribed on the 
2 Axis, AB; APT B a Rectangle about the El- 
lipſis AI B; and AQRB as the Square about the 
Circle ALB; and put S C 4, SD =, Cee, 
the Time in which it is deſcribed = 7. The longer 
Axis of the Cometary Orbit AB = x, of the Plane- 
tary Orbit AO =4g, the Circle deſcribed on the ſame 
Axis AVO =p; the periodical Time of the Comet 
t, and that of the Planet = =. W. | 

37. The SpaceC deſcribed, the Diſtance 8 C, and 
the Angle S CD, are all known by Obſervation, and 
therefore given Quantities. The mean Diſtance of the 
Comet is AH, and of the Planet is A g, = & 9. 
And becauſe the Squares of the Periodical Times are as 


the Cubes of the mean Diſtances, we have 4 q* : TK:; 


1 : ti; and therefore t = 2 * . (Ann, XXXIV. 
7 V7 


11.) 


38. It is neceſſary now to find another Expreſſion of 
the periodical Time t, thus: Becauſe C c is a very ſmall 
Portion of the Orbit, it may be eſteemed a Right Line, 
and the Sector CS c as an evaneſcent Triangle, whoſe 
Area 8 DN CS I be is given; but as the Area 

b e is to the Time 7, fo is the whole Area of the El- 
pſis AK 1 4 A to the whole periocical Time t; 

he | 
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39. Now in order to determine the Area A, we muft 
find the Semi-conjugate HK, thus: Becauſe A B = 
S C + FC, therefore FC = x — a; and by ſimilar 
Triangles 8 D C and FE C we have S C: S D:: FC: 


FE, that is, a: b::x—a: ROSES 


therefore FG =(FE— GE) — Again, SC 


DFC: E; or Vin . == 


4 a* —b*, Hence DE or SG = CE + CD = 


EO VFEF + EF e, B. Bu 


FG = _—, therefore F S VSU FU. 
V * — 4ab x + 4 4* bB + & x = Þ i — 


a 


VV Fe< $22 *+4©5 And therefore SH =þSF 


S 1 72 ab x + 4 a 75 
a* . 
40. Moreover, by the Nature of an Ellipſis, SK = 
AH=4 x, and therefore SK" IHS HK = 


V ze 4 4 UE. 


4 a* a 


thereforel K = 2 HK = = ax—@, Conſequent- 


x b — — 


ly, —ax— 442 APT B, the Semi-Area of the 
Fllipſe. Let Q = Diameter of the Circle A L B, 


and P its os gy 4 then ſince 4 LH x&P =3 QPis 
the Area of the Circle, we ſhall have Q: 1 (:: 4 
Q:ZQR):AQRB:ALB::APTB:ALIB:: 
— 6px 


7 14. hat is, : 4 :: r — 424: — 


— — 149 
Vax — A AI B. But a KIB AIK BS A 
P 4 bp x 
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VV ax— aa, therefore the above expreſſion t — 


bp x 
24 9 
. ata ea 
AS gende. ä 1 = 


{22 VV ax—aga. And, reducing the Equation, we 


MC 


get x = * —— = AB, the principal Axis of 
the Section, or Trajectory of the Comet. | 
41. If we ſubſtitute this Value of x in the Equation 


. 


. 


* 9 


above for t, we ſhall have t = 


% —aen 


FLO ; 7 | 
the Periodical Time. Alſo becauſe 1 1K 2 


2 b ys —— 3 5 a? 
— ax—aam=c, therefore x = < : . . — 
a 4 b* a 


ae, whence c = I K = 2ben 


29 — 4 e me 

42. From theſe Equations it plainly appears, that 
when the Velocity of the Comet « ſuch that / Ho = 
ge u, the Axis x is infinite, and conſequently the 
Trajectory will be a Parabola ; but if e a* A be greater 
than f* þ* q, it will be an Hyperbola; in both which 
Caſes the Comet can never return: But in all Caſes 
where f þ* is greater than e u, the Comet will de- 
ſcribe Ellipſes; among which we reckon that of the 


| Girele, wherex= 24 = £1 — and hence 


— + PpPe—eO x 
1 | | 
Ce Zi the Arch of the Circle deſcribed 
1a one Day. | 

43. Let the Planet we ſuppoſed to deſcribe the 
Ellipſis AN O be the Earth; then will its mean Diſ- 
tance 19 = 100000 equal Parts; and ſo 9 = 200000, 
and p = 628318. Alſo the Periodical Time 1 = 
1 Year ; and then if Cc be the Space deſcribed 


in 


I 


i 
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. S 1 * 
in one Day, we have 7 = 4 2. 0027378. 


Then alſo the other Expreſſions will become for the 


Principal Axis x = 591826599535 X 4 


501826599535 — 4e 
4750560000 x a 3 
Perodical Time t. ð ent 
591820599535 — 4 

44. Hence it appears, that if Obſervations could be 
made ſufficiently exact to determine the Diſtance of the 
Comet, and the Space it moved over in its Orbit in one 
Day, then the Axes of the Orbit and the Periodical 
Time of the Comet may as well be computed as thoſe 
of a Planet; but this is a Matter of the greateſt Nicety, 
and of courſe the greateſt Difficulty, becauſe the elliptic 
Orbit of a Comet, if it be ſuch, can ſcarcely be diſ- 
tinguiſhed by Obſervation (however well made) from 
a Parabolical Orbit, in all that Part of the Orbit which 
the Comet deſcribes during its Appearance. Hence 
the Quantity @ e* will generally come out either equal 
to, or greater than the Number 591826599535, and 
ſo gives the Axis x infinite or negative: And if it chance 
that a e* be leſs than the ſaid Number, then if à or e be 
not defined to the laſt Degree of Exactneſs, the Axis x, 
and Periodical Time t, will be very different from the 
Truth. But more of this in another Place. 

45. A Parabola therefore is fully ſufficient to account 
for all the Circumſtances and Phænomena of a Comet's 
Motion during the Time of its Appearance; as Sir Iſaac 
has ſhewn with reſpe&t to the Comets of 166", 1680, 


and for the 


1682, 1683, 1723, and Mr. Betts for the laſt Comet. 
of 17443. And that the Reader may fee the wonderful 


Agreement between the Theory (though grounded on 
the Parabolical Hypotheſis) and the Phænomena of Lon- 
gitude and Latitude of the Comet by .Obſervation, I 


ſhall here ſubjoin a Table exhibiting the ſame both by 


Computation and Obſervation, and the Differences be- 


tween them ſeyerally for each reſpective Time of Ob- 
ſervation. 
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46. Having thus ſhewn the ſeveral Affections of a Plate 
Comet's Motion, I ſhali conclude with a Word or two LXIII. 
in relation to their Tails, The Atmoſphere of Comets Fig. 2. 


conſiſting of a very fine Vapour, will, when the Comet 
is in its Aphelion, be nearly ſpherical, and its Denſity 
greateſt. As the Comet approaches the Sun, the Sun's 


Heat enters the Atmoſphere, and rarifies it by Degrees, 


cauſing at the ſame time the fineſt Part to riſe from the 
Comet, like the Flame from a Candle, towards the Parts 
averſe from the Sun; and as the Comet comes nearer 
and nearer the Sun, this Fume will riſe and extend 
itſelf to greater and greater Lengths, and make what is 


called the Tail of the Comet; fo that when they are 


viewed with a "Teleſcope, the Nucleus, Atmoſphere, 
and Tail of a Comet appear much like what is repre- 
ſented in the Figure. 

47. The Length of the Tail is thus found by Ob- 
ſervation. Let S be the Sun, C the Comet, T the 
Earth, C the Comet's Tail; draw T S, T C, S C, 


and Te touching the End of the Tail, and meeting the 


Line S C produced in E. The Place of the Sun and 
Comet being known, the Angle T C E is known (for 
TCE=STC+CST). Alſo the Angle of Devi- 
ation E Ce is known from Obſervation ; whence T Ce 
is known. Moreover the Angle T Ce is known alſo by 
Obſervation. Therefore in the Triangle T Ce, havin 

the two Angles T Ce, and C Te, and the Side T C, 
(from the Theory) we can find the Side Ce, which is 


the Length of the Tail. And thus they have been 


found to be 40, 60, and 80 Millions of Miles. 

48. Draw S e cutting the Comet's Orbit in 4; then 
becauſe the whole Motion of a Particle from C to e may 
be reſolved into two Motions C d, and e d, tis plain, 
ſince die is that directly averſe to the Sun, the Comet 
would have poſſeſs'd the Point d when the Particle at e 
firſt roſe from the Nucleus, if the Motion had been every 
where in the Direction of S e, as the Line Se kept 
moving from Se to S E. 


49. But ſince this is not the Caſe, but the Particles 


move in the oblique Direction C e, therefore parallel to 


Ce draw S F cutting the Orbit in D, and join De; 
then will the compound Motion Ce, ariſing from the 
| progreſſive 
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progreſſive Motion of the Comet in the DireQitÞn C D, 
and its Motion of Aſcent in the Direction Ce, give the 
Point D for the Comet's Place when firſt the Particle at 
e began to aſcend from the Nucleus. 
50. Now the Time in which the Comet deſcribes 
any given Part of its Orbit D C may be found from 
the Theory, and conſequently the Time of the Aſcent 
of the Tail of the Comet from the Nucleus to the Kx- 
tremity e. Thus I have finithed a compleat Compendium 
f the NEWTONIAN Philoſophy of COMETS, 

Zam patet Horrificis que fit via flexa Cumetis; 

Jam non miramur barbati Phenomena Aſtri. 2 

| | Dr. HATLEV. 
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Of Tims, and its MEASURE bythe Celeſtial 
Motions. Of the YE aw Tropical and Sy- 
dereal, and the Quantity of each. The 
Time of the EquiNoxts and SOLSTICES 
determined by Calculation. Of Days, 

Natural and Artificial. The EqQuaTiIoN 
of Time explained. Of Wetexs. Of 

| MonTas, Periodical and Synodical. Of 

Old and New Style. Of CycLrs ; the 
Cycx of the SUN, and Dominical LE r- 
TERS; the MeTonic Cycle, or Cycle of 
the Moon, and GoL DEN NUMBERS. The 
Cycle of InpvicTion. The Dionyſian 
PrrIoD, or Paſchal Cycle. The Julian 
Period. The Aſtronomical Principles 
of CHRONOL 06y, by Sir Is AAc NEWTON, 

| explained and exemplified. 
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" SHALL here give the Reader an Idea 

of the YEAR, as the grand and ori- 

ginal Meaſure of Time, and derived from 
the Aſtronomical Principles of the Earth's 
Motion; and then afterwards conſider its 
Subdiviſions and Diſtributions into lefler 


Parts, as Months, Days, Hours, Minutes, 
Seconds, Thirds, &c. for the Purpoſes of 


common Life, and the Uſes of Chrono- 


logy, Hiſtory, and-other Sciences. 


2. Time is in itſelf a flowing Quantity, 
meaſuring the Duration of Things; and 
its Flux is always equable and uniform 
and therefore to eſtimate the Quantity of 
Time, we ſhould meaſure it by ſomething 
that is in its own Nature always of one 
and the ſame Tenor. For this Purpoſe we 
have no Expedient ſo convenient as that 


of Motion ; and becauſe the Meaſure of 


Time ought to be permanent, we can find 
no other Motion fit for this Purpoſe but that 


of the Heavenly Bodies. 


. AMoNs theſe, none of the Motions are 
ſo bed to Every-body, and plain to com- 
mon Senſe, as that of the Sun and 
Moon; which therefore have been agreed 
upon by the Conſent of all Nations for this 
End; and indeed this ſeems to have been a 
principal Part of the Deſign of their Crea- 
tion. For we are told they were appointed 
for 
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for Times and Seaſons, for Days and for 
Years, Gen. i. That is, the — by his 
Diurnal Motion, affords the + Meaſure for 
Days, and by his annual Motion, the Mea- 


ſure for Years; and the Moon, by her Re- 


volutions, gives the Meaſure of another Part 
of Time we call MonTas. 

4. For it is a compleat Revolution of 
thoſe Luminaries that conſtitutes a Year, a 


Month, and a Day in the Abſtra&, or abſo- 


lutely conſidered. Hence it is neceflary to 
conſider the Point which is to be eſteemed 
the Exordium or Beginning of theſe Revo- 
lutions. And-this, with reſpect to the An- 
nual Revolution of the Sun, is fixed in that 
Point of the Echptic, which is the Beginning 
of Aries; and the Time which the * takes 
in going from and returning to this Point 
again, is called a Ye AR. 

5. ALso the Space of Time which the 
Sun takes to compleat one Revolution about 
the Earth, is call'd a Natural Day, or the 
Nychthemeron, including a Common Day 
and Night; which Space of Time is ſubdi- 
vided into 24 equal Parts, we call Hours 
and each of theſe are again ſubdivided into 
bo equal Parts or Minutes; each of theſe 


again into 60 other equal Parts called Se- 
cond Minutes, or Seconds ; each of theſe 


into 
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into Thirds, and ſoon in a Sexageſimal Sub- 
diviſion for any lefler Parts of Time. 

6. Now, if this firſt Point or Beginning 
of Aries were fix'd, each Annual Revolution 
of the Sun would be conſtantly the ſame, and 
therefore a juſt and equal Meaſure of the 
Year, which is call'd the Periodical Year, as 
being the Time of the Earth's Period about 
the Sun ; and which conſiſts of 365 D. 6 H. 
g' 14”. For ſo long is the Earth in departing 
from any fixed Point in the Heavens, and 
returning to the ſame again. 

Bur ſince, as we have ſhewn (Annot. 
CXLI.) the ſeveral Points of the Ecliptic 
have a retrograde Motion, *tis eaſy to under- 
ſtand, that by this Receſſion of the Equinox 
it will, as it were, meet the Sun, and cauſe 
that the Sun ſhall arrive to the Equinox, 


tion is completed. And therefore this Space 
of Time (which is call'd the Troprcal Tear) 
is not ſo long as the former; for by:Obſer- 
vations made at the Diſtance of many Years 
of the Time of two Equinoxes, and dividing 
the Time elapſed between by the Number 
of Revolutions, the Quotient will ſhewthe 
Quantity of this Tropical Tear to be 365 D. 
5 H. 48' 57”; whichis 20' 17“ leſs than the 
Periodical Year. 
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8. Tas Beginning of the Year, or Time 
when the Sun enters the Equinox, is thus 
determined by Obſervation. Let AB C be Plate 
a Portion of the Equinoctial, and DBE pt 
an Arch of the Ecliptic ; then with a very 
nice Inſtrument rake the Meridian Altitude 
of the Sun, the Day before and after the - 
Equinox ; the Difference between theſe Al- 
titudes and that of the Equator will be 
the Sun's Declination on thoſe two Days, 
which ſuppoſe to be A D and EC; which 
being thus known and the Angle of Obli- 
quity ABD = EBC = 23 ˙ 29, we find 
the Arch DB and EB; and therefore we 
ſay, As DB + EB is to DiB, ſo is 24 Hours 
to the Time between the firſt Obſervation 
and Moment of the Sun's Ingreſs to the 


Equinoctial Point B. 
9. But the Quantity of the Tropical 
Year is better defined from a Calculation 
of the Moments of the Solſtices. The In- 
vention of which curious and moſt certain 
Method was owing to our late celebrated 
Dr. Halley ; and is founded on an eaſy Ob- 
ſervation, and therefore praQucable by any 
Perſon but moderately {killed in the Conic 
Geometry. The Method is as follows : 
Let AVO repreſent a ſmall Portion of the Fig. 3. 
Tropic, which the Ecliptic K VM touches 
in the Solſtitial Point V. Suppoſe the Sun 
Vol. III. Q at 
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at ſeveral Times near the Solſtice be in the 
Points K, I, L, V, C, M, N, then will the 
Right Lines T L, ID; BC, EM, Sc. (per- 
pendicular to the Tropic A O) be the De- 
ficiencies of the Sun's Declination at thoſe 


Times from his greateſt Declination in V. 


10. AND from the Elements of Geome- 
try, the Subtenſes TL, D I, Sc. of the 
Angle of Contact AV K, are as the Squares 
of the Conterminal Arches VL, VI, &c. 
that is, of the Lines VT, VD, Sc. which 
are nearly equal to thoſe Arches. Now 
when the Sun is in L, Part of its Path 
that Day will be the Line LC; and when 
in M, the Line I M, drawn parallel to A O. 
Let V Q be Part of the Solſtitial Colure ; 
then we have VT = L F, and V D = GI, 
 &Tc.alfoVF= TL, V G=D1, &c. whence 
L F-: IG“: : VF: VC, &c. fo that the 
Figure K V N has really the Property of a 
Parabola, and may be taken for ſuch, with- 
out any ſenſible Error. 

11. THEREFORE let three Points F, G, H, 
in the Axis V Q be determined by Obſer- 
vation thus: Let 45 be an upright Object, 
a c the Ground or Horizon, and c da Plane 
ſet nearly perpendicular to the Sun's Rays 
at Noon. Then let the Points 5, /, g, on 
the Plane mark the Shadow of the Apex 5, 
on three ſeveral Days at Noon ; ſuppoſe 

two 
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two before, and one after the Solſtice. By 
this Means we have the Proportion of Diſ- 


tance between the Points F H and F G, for 


as FH: f g:: FH: F G. By the firſt Ob- 
ſervation from the Point H the Sun's Place 
at K is given; by the ſecond, from the 
Point F, we have the Place at L; and by 
the third having G, we have the Point M 
in the Curve. 

12. Now let the Time between the firſt 
and ſecond Obſervation AT (= KL) = a; 
the Time between the ſecond and third Ob- 
ſervation T E (=L VM)=6b, FHS , FG 
= d, and T V = x = the Time between the 
ſecond Obſervation and the Moment of the 


Solſtice, to be found. Then A V = a + x, 
and VE =b— x; and let the Latus Rec- 
tum of the Parabola be p. Then {per Co- 


nic we have x VF x p, and therefore VF | 


wn In like Manner V H = - +2ax+x 
5 
and VG = —5. — - therefore F H 


5 = c, and F G 


—2 5 x 


(=VG—VF) ="DE=0,; d; ; where. 


L 2ax b—?2bx 3 
W EEE al - and redu- 


Q 2 cing 
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June 9, 44934 ( and 
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cing the E uation we have x = — 
8 e hg 2 ad 


= V, the Time required. 
13. BuT if the Order of the Obſerva- 


be Obſervation of + 


the Shadow of the Gnomon in F is exactly 
in the Middle between thoſe of the Shadow 
in % and g; then will AT g T E, and 
lo a=b, and the Equation will become x = 


= T V; which gives this Ana- 


40 — 4 d 


24 T2 c 
logy, 2d ＋ 2c: c—d:: a: x, that is, 
s:: AF: T V. 

14. I SHALL illuſtrate this Calculation 
by an Example of each Caſe. In the Vear 
1500, Bernard Walker, in the Month of 
June, at Nuremberg, obſerved the Chord of 
the Sun's Diſtance from the Zenith by a 


large Inſtrument, as follows : 

June 2, 45467 June 8, 44975 
{Fun 12, 44883 

June 16, 44990 June 16, 4490 

The Differences of theſe Chords are equal 


very near to the ſmall Diſtances F G and 


F II; therefore c = 533, and 4 = 56, and 


as 4773 and fince the Time was 7 


Days between Obſervation, therefore a = 7. 
Whence we have 1178: 477 :: 7: 2 D. 
H 20 H 
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20 H. 2“, which added to the Time of the 
middle Obſervation, gives June 11 D. 20 H. 
2“ for the Time of the Solſtice. 
185. AGAIN, by the other three Obſer- 
vations, we have c == 107, d = 92, c- 4 
15, and a=4 ; wherefore ſay, As 398: 
15 :: 4D. = 96 Hz atH 37, the Dol. 
rence between the 2d Obſervation, June 12, 
and the Moment of the Solftice, which 
therefore muſt be June 11 D. 20 H. 27, 
which is but 21/ different from the former. 
The Time of the Tropic therefore, in Anno 


1500, we may conclude was June 11 D. 
20 H. 12“ 


16. Wr will now give an Example of 
the former Method by the Shadow of a 
Gnomon 55 Feet high, which Gaſſendus at 
Marſeilles made ule of for determining the 
Proportion of the Gnomon to its Solftitial 
Shade. This he did in the Vear 1636, and 
the Experiments were as follow ; 


19 E 1766 f 


Parts, of which 
11 F102; {a Ghenk 
| 1317521 was $9420, 


22 131759 


Here indeed the End of the Shadow, in- 
ſtead of being received on the Plane c d, 
perpendicular to the Rays, was taken on 


WV 3 the 
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the horizontal Line, where the Points 4 


5, are referred to F, G, H, in three of the 


Obſervations; yet is the Ratio between 
F H and F G the ſame nearly as the Ratio 


between / + and / g, becauſe the Rays at 


that Diſtance from 6, in fo ſmall an Angle, 
difter little from parallel Rays. 
17. HENCE the Caſe of the Problem is 


Nill the fame. Therefore, let the Shadow, 


on June 19, be 4 H = 31766 ; on the 21ſt, 


eF = 31751; and on the 22d, aG = 
31759 then 2c= 30, 2 d = 6, c =d 


= 7, and a=2,6 = 1 ; then the Theorem 


3 = 0,274 = 00 D. 17:45, 35: 


Which is the Time by which the Solſtice 


preceded the ſecond Obſervation. The Sol- 
ſtice therefore was on June 20 D. 17 Hf. 25, 
N. S. or June 10 D. 17 H. 25 O. S. 

18. Tas Difference between the Time 
of this and the other Solſtice is 1 D. 2 H. 
47' : of which 1 D. 1 H. 12' ariſes from 
the Deficiency of the Length of the Tro- 
pical Year from that of the Julian Year, 
(as will by and by appear) and the other 
Part 1 H. 45 from the Progreſſion of the 
Sun's Apogæum during that Space of Time, 
ViZ. 136 Years, | 
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19. Tux Days are the next Part of 
Time we ſhall conſider. Theſe may be 
divided into Solar and Sidereal Days. The 
Solar Day is that Space of Time which in- 
tervenes between the Sun's departing from 
any one Meridian, and its Return to the 
ſame again. But a Sidereal Day is the 
Space of Time which happens between the 
Departure of a Star from and its Return 
to the ſame Meridian again, And each 
of theſe are divided into 24 equal Parts, 
or Hours. - 

20, BECAUSE the — Motion of the 
Earth about its Axis is equable, every Revo- 
lution will be performed in the ſame Time; 
and therefore all the Sidereal Days, and the 
Hours of thoſe Days, will be equal. And 
on the other hand, the Solar Days are all 
unequal, and that on two Accounts, viz. 
becauſe of the Elliptic Figure of the Earth's 
Orbit, and becauſe of the Obliquity of the 
Ecliptic to the Equator. 

21. This will appear as follows. Let Plate 
8 be the Sun, A B a Part of the Ecliptic, A Fi. 5 


ridian whoſe Plane paſſes through the Sun. 
Now in the Time of one Revolution about 
its Axis, let the Earth be carried about the 
Sun from A to B, and then the Meridian 


Q 4 | will 
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will be in the Poſition d, parallel to the 
former M D. But tis plain, the Meridian 
m d is not yet directed to the Sun, nor 
will not, till by its angular Motion it has 
attained the Situation e /, deſcribing the 
Angle e B ν = B SA; whence it appears 


that all the Scar Days are longer than 


the Time of one Revolution, or Sidereal 
Day. 
22. If the Earth revolved in the Plane 


of the Equator, and in a Circle about the 


Sun, then would the Angle A S B, and 
conſequently the Angle e B M be always 
of the ſame Quantity, and therefore the 
Time of deſcribing the ſaid Angle e B mn 
would always be equal, and ſo all the ſolar 
Days would be equal among themſelves. 
But neither of theſe two Caſes have Place 
in Nature. 

23. Fox by the Earth's Theory, founded 
on the niceſt Obſervations, the Orbit is an 
Ellipſis, and therefore (as we have ſhewn) 
her annual Motion cannot be equable, or 
the Angle A $ Bdeſcribed in the ſame Space 


of Time will not be equal ; for in the 


Aphelion, the Velocity of the Earth will 
be leſs than in the Peribelion, therefore 
alſo the Arch AB will be leſs, and conſe- 


quently the ſimilar Arche n, and therefore 


alſo 
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alſo the Time of deſcribing it ; whence it 
appears, the Part of Time to be added to 
the Sidereal Day, to compleat the Solar 
Day, 1s always variable. 

24. Tux other Part of the Equation of 
Time (and moſt conſiderable) is that which 
ariſes from the Plane of the Earth's Orbit 
or Ecliptic being inclined to that of the 
Equator or Plane of the Diurnal Motion; Plate 
to explain which, let yp vw = be a Semicircle ee 
of the Ecliptic, and Y H of the Equi- 
noctial, S the Centre of the Sun, and A 
that of the Earth in the third Quarter of 
the Ecliptic ; 5 7, the Meridian paſſing 
through the true Sun 8, and its apparent 
Place at I in the firſt Quarter of the Eclip- 
tic J S. 

25. Soprosk, now, the Motion of the 
Earth in every Reſpe& equable, and firſt 
that it ſat out from =, and proceeded in 
the Equator in a given Time to D, the Sun 
would apparently deſcribe in the ſame Time 
the Arch of the Equator y I. Again, ſup- 
poſe it ſat out from the ſame Point =, and 
ſpent the ſame Time with the ſame equable 
Velocity in the Ecliptic, it would arrive t9 
the Point A, fo that the Arch= A = =D, 
and I YC. Then 'tis evident, as the 
Earth revolves about its Axis from Weſt to 

Eaſt, 
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Eaſt, the Meridian of any Place will firſt 


arrive at the Sun I in the Ecliptic, and after- 
wards at the Sun C in the Equinoctial ; that 
is, the Time of Noon by the Sun in the Ec- 
liptic will be ſooner than that Noon which 


would happen by the Sun in the Equinoctial; 


and that by the tity of the Arch 5 
turned into Time. 


26. Now the Arch % D = BC is the Dif- 
ference of the Sun's Longitude y I or v C, 


and his Right Aſcenſion y B. Draw ge 
parallel to DC, and the Angle e Af will be 
equal to the Angle DS5, and the Arch ef 


ſimilar to the Arch D; therefore the Time 
in which the Meridian + f revolves into the 
Situation %, is that which is to be added 
to the Ecliptic Noon to equate it with the 
Time of the Equinoctial Noon in the firſt 
and third Quarters of the Ecliptic. In the 
ſecond and fourth Quarter, the ſaid Equa- 
tion is to be ſubtracted, as would eaſily ap- 
pear by making the ſame Conſtruction 
there. 

27. Now becauſe in different Parts of 
the Quadrant this Arch D or BC is of a 
different Length, the Equation of Time will 
be a variable Quantity ; and therefore fince 


the Motion and Time meaſured by the Sun 


in the Equincctial is always equal, (there 
being 
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being nothing to make it otherwiſe) it fol- 
lows, that the Times (i. e. the Days) mea- 
ſured by the Sun in the Ecliptic muſt be al- 
ways unequal; or, in other Words, the 
Solar Days are ſometimes ſhorter, ſometimes 
longer, than the equal Time meaſured out 
in the EquinoCtial, 

28. IT has been ſhewn already, that the 
True Motion of the Earth precedes the 
Mean in the firſt Semicircle of Anomaly» 
and is preceded by the Mean in the ſecond, 
Therefore while the Earth 1s going from 
the Aphelion to the Perihelion, or while 
the Sun apparently moves from the Apo- 
gæum to the Perigæum, the Apparent Time 
will be before the Mean, and in the other 
Semicircle of Anomaly it will be after it. 
The Difference of theſe Motions converted 
into Time is the Equation of Time in this 
reſpect, and is to be ſubtracted from the 
Apparent Time to gain the Mean, or added 
to the Mean to gain the Apparent, in the 
firſt Semicircle of Anomaly, and vice verſa 
in the latter. 

29. Now both theſe Parts of the Equa- 
tion of Time are calculated by Aſtrono- 
mers for every Degree of Anomaly, and 
for every Degree of the Sun's Longitude in 
the Ecliptic, and diſpoſed in two ſeveral 

Tables, 


236 


De. 


APPENDIX 


Tables, with Directions for adding and ſub. 
tracting, as the Caſe requires; ſo that at 
all times the true or equal Time may be 
had. And from thence it appears that the 
Apparent Time, or that ſhewn by the Sun, 
vi. by a Sun- dial, is but four Days in the 
whole Year the ſame with the Mean or 
equal Time ſhewn by a good Check or 
Watch, viz. about April the 15th, June the 
17th, Auguſt the 3iſt, and December the 
24th. Alſo about the 23d of October the 
Equation is greateſt of all in the Year, 
being then about 16' 11”, Clocks being then 
ſo much ſlower than Sun-dialis. 

30. As the Solar Days are unequal, the 
Hours muſt be ſo of courſe; and hence it 


appears, that there is no natural Body 


which can by its Motion meaſure Time 


truly or equally ; and the only Way to 


do this 1s by the artificial Contrivance of 


Clocks, Watches, Clepſydræ, Hour-Glaſſes, 


31. Is different Parts of the World, the 
natural Day has a different Beginning. The 
ancient Egyptians began their Day at Mid- 
pight, as do alſo the modern Nations of 
France, Spain, Great-Britain, and moit 


Parts of Europe. The Jews, with the Ger- 


mans, begin their Day at Sun-ſetting. The 


Babylontays 


te LE r. 


Babylonians began theirs at Sun-riſing. And 
the Aſtronomers begin the Day at Noon, 
and reckon on to twenty-four Hours, and 
not twice twelve, as we do by our Clocks 
in civil Life. | 

32. A WEEK is another common Mea- 
ſure of Time confiſting of ſeven Days; and 
becauſe the Ancients ſuppoſed the ſeven Pla- 
nets had an Influence upon the Earth and 
all terreſtrial Things, they allotted the firſt 
Hour of each Day to the Planet they ſup- 
poſed then to preſide ; from whence the 
ſeveral Days of the Week received their 
Names. Thus Sunday was Dies Solis, i. e. 
the Day of the Sun; Monday was Dies 
Lune, i. e. the Day of the Mon; Tueſday 
was Dies Martit, i. e. the Day of Tue/co 
or Mars; Wedneſday was Dies Mercury, i. e. 
the Day of Woden or Mercury ; Thurſday 
was Dies Jovis, i. e. the Day of Thor or 
Jupiter; Friday was Dies Veneris, i. e. the 
Day of Friga or Venus; and Saturday was 
Dies Saturni, i. e. the Day of Saturn. 

33. A MonTu is another Part of Time, 
ſo call'd from the Moon, becauſe it is the 
Time of her Revolution about the Earth, 
and is therefore alſo call'd a Lunation. If 
we reſpe& the Revolution of the Moon 
from any fixed Point in the Heavens (as a 
Star) to the ſame again, it is call'd a Pe- 
riodical 
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riodical Month, and conſiſts of 27-10-57 


43. But if we regard the Time that paſſes 
between one Conjunction or New-Moon and 
the next following, it is call'd a Synodica} 


Month, and is equal to 29 D. 12 H. 44 35 


34. Tursk now mentioned are the Alro- 
nomical Years, Months, and Days : But thoſe 
uſed in common Life are ſomewhat diffe- 
rent. Thus the Civil Month is a Space of 
2B, 29, 30, or 31 Days, and 12 Synodic 
Months make 354 Days, which is call'd a 
Civil Lunar Year ; and a Civil Solar Year 
is the Space of 365 Days. Therefore to 
equate the Civil Lunar to the Solar Year, 
11 Days are to be added, which were call'd 
by the Greeks Epamogenæ, and by us the 
Epacts. BY 

35. Tur Civil Soli-Lunar Year of 365 
Days, being ſhort of the true by 5 H. 48, 
57”, occaſion'd the Beginning of the Year 
to run forwards through the Seaſons one 
Day nearly in four Years; and in 1460 
Years, through all the Months of the Year, 


On this account Julius Ceſar ordain'd that 


every fourth Year one Day ſhould be added 
to February, by cauling the 24th Day to be 
reckon'd twice; and becauſe this 24th cf 
February was the Sixth (Sextilis) before the 
Kalends of March, there were in this Year 


two of thoſe Sextiles, which gave the Name 
of 


ä 


* 
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of Piſſextile to this Year. The Year, thus 
corrected, was from thence call'd the Julian 
Year. 

36. Bur the fix Hours added by Julius 
Ceſar is too much, that is, exceeds 5 H. 
48 57“ by 11 3”, and therefore the Sun 
each Year begins his Courſe 1Y 3“ before 
the Julian Year is ended, which in 131 
Years amounts to a whole Day. Hence at 
the Council of Nice, A. D. 325, (at which 
the Time of Eaſter was fixed) the Vernal 
Equinox being upon the 21ſt Day of March, 
it was found in the Year 1582 to happen 
on the 11th of March, 10 Days ſooner than 
before, h 

37. Pore Gregory XIII. thought the Ka- 
lendar too erroneous, and reſolved to re- 
form it, by reſtoring the Equinox to its 
former Place in the Year, v22. to the 21ſt 
of March. To do this, he took 10 Days 
out of the Kalendar, by ordering the 5th 
of October 1582 to be call'd the 15th; and 
to prevent the Regreſs of the Equinox for 
the future, ordered every loodth Year 
to conſiſt of only 365 Days, whereas in 
the Julian it has 366, as being Biſſextile. 
This Reformation is therefore called the 
Gregorian Account, or New-Stile, and is 
uſed by Papiſts in Italy, Spain, France, Ger- 
many, and by ſome Proteſtants abroad ; but 

in 
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in England we have lately made a farther Cor- 
rection, by throwing out 11 Days; which 
brings us much. nearer the Truth than the 


Gregorian Account. This therefore ou ght to be 
called the BRITISH or AUGUSTINE . 


in Honour of our own Nation and King. 


38. Sincr the Council of Nice, to the 
preſcat Year 1758, there have elapſed up- 


wards of 1433 Years ; by which means the 


Equinox does in the Old-Stile, at this Time, 
fall on the toth of March nearly, and the 
Julian Account is 11 Days later than our 
own. But even the Emendation, or New- 
Stile, (which we now ule) is not ſufficient ; 
for whereas by that four Days in 400 Years 
are rejected, a conſiderable Error is commit- 
ted; for the odd 11 3”, by which the Jus 
lian Year exceeds the Truth, will not 
amount to more than three Days in 391 


Vears. If therefore at the End of every 


391 Years we expunge three Days, the 
Equinox will vety nearly always keep to the 
ſame Day of the Month. 


39. In Computations of Time, we find 
it neceſſary to fix upon ſome remarkable 
Tranſaction, or memorable Event, for the 


Evxordium or Beginning” of the Reckoning ; 
theſe are called 1 3 or Fr a's. Thus 


ſome compute from the Creation of the World. 


The ancient Greeks from the Inſtitution of 
the 


x 000, 0D. bh 0. 
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the Olympiads, beginning 776 Years before 


Cur1sT : The Romans from the Building of 


Rome, about 750 Years before CHRIST. 
The Chaldeans and Egyptians uſe the Ara 
of Nabonaſſar, beginning A. ante C. 752. 
The Turbiſp Epocha is the Hegira or Flight 
of Mahomet, A. C. 622. The Perfian Ara 
is called 7e/degird, A. C. 632. And that of 
the Chriſtians the Birth of Chrift, ſince which 


Time we reckon 1787 Years. 


40. BEsiDEs the Meaſure of Time by 
Common Years, we find it became neceſ- 
ſary to introduce the Uſe of CyCcLEs (i. e. 
Circles) of Years ; as the Metonic Cycle, the 
Cycle of the Sun, the Cycle of Indiftion, and 
the Julian Period compounded of all the 
reſt. Of each of theſe I ſhall give the fol- 


lowing ſhort Account. 
41. THE CYCLE of the SUN ariſes hence: 


If the Number 365 be divided by 7, it 
will have a Remainder of 1, which ſhews 


the laſt Day of the Year is the ſame Day 


of the Week with the firſt. Now it was 


always cuſtomary to place againſt the ſeven 
Days in the Week, the ſeven firſt Letters 
of the Alphabet, A, B, C, D, E, F, G; and 
therefore, as they were continued through 
the Year, it is evident the ſame Letter muſt 

Vol. III. R ſtand 
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ſtand againſt the firſt and laſt Day of the 


Year, viz. the Letter A. 


42. Hewes, if the firſt of January will 
be a Sunday, the Letter A will point out all 


the Sundays in that Year; and ſince the 


Iſt of January in the next Vear is Monday, 


the firſt Sunday will be on the 7th, againſt 
vrhich ſtands the Letter G, which there- 


fore will be the Sunday Letter for all that 
Year. Again, the firſt Day of the fol- 
lowing Year being Tueſday, the firſt Sunday 
will be on the 6th, againſt which ſtands 
the Letter F, which ede indicates the 
Sundays through that Vear, and ſo on; 
whence tis caly to obſerve, that the Let- 
ters which point out the Sundays in every 


Year will be in a retrograde Order, v1. 


A,G,F, E, &c. And becauſe theſe Let- 
ters ſhew the Dies Domini, or Lord's-Days, 


they have been called DoMINICAL LET- 
- TERS, | 


43- Now, if all the Years were common 
ones, the ſame Letter would not be the 


Dominical, or the Sundays would not be up- 


on the ſame Days of the Week, till after 


a a Cycle or Revolution of ſeven Years; and 


ſince every 4th Year has a Day extraordi- 


nary, this Day will interrupt the Succeſſion | 
of the Dominical Letters, and cauſe that 


the 
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the ſame Days wilt not be ſhewn again by 
the ſame Letters after a Cycle of ſeven Vears, 
but of 4 x 7 = 28 Years, which is called 
the Cycle of the Sun. 


44. BECAUSE in every Biſſextile Year the 


24th, or 25th of February 1s reckoned twice, 


and both thoſe Days have the ſame Letter, 


it follows, that that Letter which ſhewed 
the Sundays before the 24th of February 
will not ſhew it afterwards, and therefore 
in every ſuch Year there will be two Do- 
minical Letters, For Example, the Year 
1744 was Biſſextile, January 1 Sunday, the 
Dominical Letter A; but the 24th of Fe- 
bruary being Friday had the Letter F, and 


alſo Sway the 25th ; therefore 3 


the 26th muſt have G, which for that 


reaſon was the Sunday Letter the remaining 


Part of the Year. 
45. To find what Year of the Cycle the 


preſent or any Year of CHRIST 1s, add g 
to the given Year, (becauſe the firſt Year 
of CHRIST was the gth of the Cycle) and 
divide by 28, the Remainder 1s the Year 
of the Cycle required. Example: The 
Year 1746 + 9 = 1755, then 1755 divided 
by 28 leaves 19, the Year of the Cycle re- 
quired, whoſe. Dominica! Leiter is E, 


according to the following Table: 


R 2 Cycle 
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Cycle e kn, dark 
Dom. Let. P E. D. C. 4 G. F. E. C B. A. O. 
Cycle 13. 14. 15. 16. 17. 18. 19. 20. = 
"Dow. Lars DCB G. F. ED. £ 
Cycle 22. 23. 24. 25. 26. 27. 28. 
Dom. Les. A. G. F. H. C. B. A. 


46. THE METONIIC CYCLE, (fo called 
from the Inventor Meton) otherwiſe called 
the Cycle of the Moon, is a Period of nine- 
teen Years, after which the New and Full 
Moons were ſuppoſed to return on the ſame 
Days of the Month, and Hours, as before ; 
becauſe if the Solar and Lunar Year began 
together at any Time, theſe Years being 
to each other as 365 to 354, could not co- 
incide again at their Beginning till after a 
certain Time, vis. 235 Lunations, which 
make 6939 D. 16 H. 31 45", and in nine- 
teen Solar Vears are 6939 D. 18 H.; the 
Difference being only 1 H. 28. 15” ſhews the 
two Years will then begin again very nearly 
at the ſame Time, and the New and Full 


Moons come round again upon the ſame 
Days of the Month. | 


47. Yet 
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47. Yer this Deficiency of an Hour and 

half will cauſe the New and Full Moons to 
happen ſo much ſooner each Cycle 1n the 
Heavens than by this Reckoning, and this 
in 304 Years amounts to a whole Day; 
and therefore, at this Time, they happen 
almoſt five Days ſooner than they ſhould 
do, by the Rule {ſettled by the Nicene Coun- 
cil for finding the ſame by the Golden Num- 
bers; the Nature and Uſe of which are to 
be underſtood as follows. 

48. TAKING any Year for the Firſt of 
the Cycle, the Ancients obſerved all the 
Days on which the New Moons happened 

through the Year, and againſt each ſuch 
Day they placed the Number 1; in the 2d 
Year of the Cycle they did the like, and to 
each Day of the New Moon annexed the 
Number 2. In like Manner to every New 
Moon Day in the 3d Year of the Cycle they 
ſubjoined the Number 3; and ſo on, thro' 
all the Years of the Cyc/e. This being done 
for one Cycle, the ſame Numbers were fitted 
to the Kalendar to ſhew the New Moons in 
each Year of any future Cycle ; and, upon 
Account of this their excellent Uſe, they 
were in Gold, and were therefore called 


the Golden Numbers for thoſe Years reſpec- 
tively. 
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49. BuT becauſe theſe Numbers for the 


obſerved New Moons are not of laſting Uſe 


(as above ſhewn), the beſt Way of diſpoſing 
theſe Numbers is by the Mean Lunations, as 
they may be found from Aſtronomical 
Tables for each Year of the Cycle, which 
are the ſame in every Cycle, and do not vary 
greatly from the true. But however ad- 
vantageous this may be in civil Life, we are 
not to expect this Innovation ſhould take 
Place in the Liturgy of the Church of 


England, which {till continues to compute 
the Moons, as it does the Equinoxes, by 


the old erroneous Rule eſtabliſhed by the 
Council of Nice, which are called Eccleſi- 
aſtical New Moons, in Contradiſtinction to the 


true ones in the Heavens. 


50. BESIDEs theſe, there was another Pe- 
r:0d called the CYCLE oF INDICTION, con- 
fiſting of 15 Years ; it was ſo called becauſe 
the Numbers of this Cycle indicated the 
Time of Eaſter. But as this Cycle has no 
Connection with the Motions of the Hea- 


| venly Bodies, I ſhall ſay no more of it here, 


but refer the Reader for a farther Account 
of this and other Matters purely Chrono- 


hogical, to the Authors who have wrote on 


Chronolegy or, if they pence, to an Epitome 
of 
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of that Science in my Phlological Library 
of Literary Arts and Sciences. 

51. THE DionvsLan PERIOD is one that 
is made by multiplying together the Cycles 
of the Sun and Moon, and therefore con- 
fiſts of 532 Years, for 28 x 19 = 532. 
After the Completion of this Period, not 
only the New and Full Moons return to 
the ſame Days of the Month, but alſo the 


Days of the Month return to the ſame 


Days of the Week ; and therefore the Do- 
minical Letters and the Moveable Feaſts all 
return again in the ſame Order. Hence 
this Cycle was called the GREAT PASCHAL 
CYCLE. 
52. TE JuLIAN PERIOD is the laſt 1 
ſhall mention, and the largeſt of all, con- 
fiſting of 7980 Years, being compoſed of 


the Cycles of the Sun, Moon, and Indiction; 


thus 28 Xx 19 * 15 = 7980. The Begin- 
ning of this Period was 764 Years before 
the "Creation, and is not yet compleated ; 
and therefore comprehends all other Periods, 
Cycles and Hpochas, and the Times of all 
memorable Actions and Hiſtories. It had 
its Name from its Inventor Julius Scaliger, 
who has eternized himſelf thereby. 

. I can'T conclude this Eflay without 
s before the Reader the Aſtronomical 


R 4 Principles 
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Principles of CRoNOLOGV, which Sir Iſaac 
Newton makes uſe of for ſettlin g the Grand- 
Epoch of the Argonautic Expedition, and 
which he makes the Baſis of his Chrono- 
logy. He obſerves, that Eudoxus, in his 
Deſcription of the Sphere of the Ancients, 
placed the Solſtices and Equinoxes in the 
Middle of the Conſtellations Aries, Cancer, 
Chelæ, and Capricorn: And alſo that this 
Sphere or Globe was firſt made by Muſœus, 
and the Aferiſms delineated upon it by 
Chiron, two of the Argonauts. 

54. Now it has been ſhewn, that by the 
Preceſſion of the Equinoxes the Stars go 
back 50 per Aunum. And ſince at the End 
of * Year 1689, the Eguinoctia! Colure 
paſſing through the middle Point, between 
the firſt and laſt Star of Aries, did then cut 
the Ecliptic in 8 6˙ 44”, it is evident, that 
the Equinox had then gone back 36* 44 ; 
therefore, as 50 is to one Year, ſo is 36˙ 
44 to 2645 Vears, which is the Time ſince 
the Argonautic Expedition to the Beginning 
of the Vear 1690; that is, 955 Vears before 
Cnsisr is the ra of the Argonautic 
Expedition. 

5. Bur our great Author is more parti- 
cular and ſubtile in this Affair. He finds 
the Mean Place of the Colure of the Equi. 


noxes 
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mxes and Sol ſtices, by conſidering the ſeveral 
Stars they paſs'd through among the other 
Conſtellations, as follows, according to Eu- 
doxus. 


56. IN the Back of Aries is a Star of 4 


6th Magnitude, marked y by Bayer; in the 


End of the Year 1689, its Longitude was 
v9 38 45 ; and the Equinoctial Colure 
paſſing through according to Eudoxus, cuts 
the Ecliptic in 8 6* 58 57. 

57. In the Head of Cetus are two Stars 
of the 4th Magnitude, called and 2 by 
Bayer. Eudoxus's Colure paſſing in the 
Middle between them, cuts the Ecliptic in 
v 6 58' 51, at the End of the Year 1689. 

58. In the extreme Flexure of Eridanus 
there was formerly a Star of the 4th Mag- 
nitude (of late it is referred to the Breaſt of 
Cetus). It is the only Star in Eridanus 
through which this Colure can paſs ; its 
Longitude was at the End of the Year 1689 
Y 25* 22 10”, and the Colure of the Equi- 
nox paſting through 3 it cuts che Eclptic in 

8 79 12 40”. 

59. Id the Head of Perſeus, rightly de- 
lineated, is a Star of the 4th Magnitude, 
called 7 by Bayer; its Longitude was d 25? 
25 30 at the End of the Year 1689 ; and 

the 


A 
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the Colure of the Equinox paſſing through 


it cuts the Ecliptic in 8 6' 18 57”. 


60. In the Right Hand of Per/evs, rightly 
delincated, 1s a Star of the 4th Magnitude, 
whoſe Longitude at the End of the Year 


1689 was g 24* 25 27, and the Equinoc- 


tial Colure paſſing through it cuts ws 
Ecliptic in 8 4* 56 40”. 


6 58 57 

61. Now. the Sum of all ſy 6 58 5r 
theſe Places of 180 8 7. 13 40 
Colure, vi. B 
Ls 4 56 40 


n "20 9 
The 5th Part of whichis= 8 6 29 13 


which is therefore the Mean Place, in which 
the Colure in the End of the Year 1689 


did cut the Ecliptic. 


62. AFTER a like Manner he determines 
the Mean Place of the Solſſitial Summer Co- 


lure to be & 6 28 47”, which as it is juſt 


go Degrees from the other, ſhews it to be 
r 3 deduced. The Eguinores having 
then departed 1 6* 29 from the Cardinal 
Points of Chiron, ſhews that 2628 Years 
cds elapſed ſince chat Time, which is 

more 
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more correct than the former Number ( Ar- 


jicle 55.) though leſs by only ſeventeen 


Years. 

63. By ſome other Methods, of a like 
Nature, he alſo ſhews the Ara of the Argo- 
nauts ought to be placed in that Age of the 
World ; and having fixed this moſt ancient 
Epocha, he makes his Computation with 


Reference thereto in the future Part of his 


Book. 

64. AND thus our great Author has, with 
his uſual Sagacity, ſo conducted his Deſign, 
as to make his Chronology ſuit with the 
Courſe of Nature, with the Principles of A 
tronomy, with Sacred Hiftory, with Herodo- 


ius, the Father of Profane Hiſtory, and with 


itſelt. And though many have thought fit 
to cavil, and find great fault with his Chro- 
nology, yet how little Regard ought to be 
paid to them may from hence appear, that 


Sir Iſaac Newton was undoubtedly equal to 
any Man in all the common Qualiſications of 


a Chronologift, and vaſtly ſuperior to all in 
thoſe which were eſſential. Gentlemen ſhould 


have the Modeſty not to criticiſe on the great- 
eſt Man that ever lived, till they have con- 


vinced the World, at leaſt, zhat they under- 
fand him, | 


. 
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The Uſe of the Gloss. 


Of the GLoBrs in general. The C1RCLxs 
of the SPHERE deſcribed. ' The PosITIONsS 
of the SPHERE. The SOLUTION of PRo- 
BLEMS on the CELESTIAL GLOBE. The 
TERRESTRIAL GLOBE deſcribed. PRo- 
BLEMS on the ſame. Of the CONSTELL a- 
TIONS of the Northern and Southern Hx- 
MISPHERE. Flamſteed's CATALOGUE of 
the STARS. Of the Dis rANcE and other 
Phenomena of the STARs. A Calculation 
of the ſurpriſing VELoctTY of Lionr. 
Of the ABERRATION of Light, and the 
Teleſcopic Mor IN f the Stars by Dr. 
BRADLEY. The PRINCIPLES of (No- 
MONICKS, or Art of DIALING demonſtrated, 

by a D1aLixG-SPHERE. Aſtronomical 
Doctrine of the SPHERE, and Method of 

calculating SPHERICAT, TRIANGLES. The 

HarvesT-MooN explain'd. How to find 

a MErIDIax Ling. The FIQURE and 

-DimexsIoNs of the Farth determined by 
actual 
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actual Menſuration of a DeGREE under 
the ArcTicx CIRCLE and at ParIs. A 
new CALCULATION on that Head. Of the 
OR THOGRAPHICAL PROJECTION. Of 
the STEREOGRAPHICAL PROJECTION, a 
The Globular Projection. Of MERCA- 
ToR's CHART, and a new Method of Con- 
firufting the Table of MexiD1ONAL Parts 
by Fluxions. The Nature of the RHUMB- 
LINE inveſt gated, and applied in Sailing. 
A new Mare of the WoRLD on the Glo- 
bular Projection. A Mar of the Coun- 
try in Lapland where the Arch of the Me- 
ridian vas meaſured by the French King's 
Mathematicians. 


IN this Lecture I ſhall explain the 7 


of both the Globes, by giving a ſuccin& 
Account of the Nature and Deſign of 
each, and a Solution of the Principal Pro- 
blems that are uſually performed thereby. 

Each Globe is ſuſpended in a General 
Meridian, and moveable (within an Hori- 
zon) about its Axis, in the fame Manner pi 5 
as the Armillary Sphere of the Orrery ; and LXVI. 
the Circles of that Sphere, already deſcribed, Fig. 4 
are laid on the correſponding Parts of the 
Surface of each Globe; 2 are therefore 
ſuppoſed to be known. 


THE 
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TE Surface of the CELESTIAL GLogg 
is a Repreſentation of the Concave Surface 


of the Starry Firmament, there being de- 


picted all the Stars of the Firſt and Second 
Magnitude, and the * moſt noted of all the 
reſt that are viſible. So that by this Globe 
we may ſhew the Face of the Heavens for 
any required Time, by Day or Night, 


throughout the Year, in general; or in 


regard to any particular Body, as the Sn, 
Moon, Planet, or Fixed Star. 


TRE Stars are all diſpoſed into Conſtel- 
lations, under the Forms of various Ani- 
mals, whoſe Names and Figures are printed 
on the Paper which covers the Globe ; which 
were invented by the ancient Aſtronomers 
and Poets, and are {till retained for the ſake 


of Diſtinction and better Arrangement of 


thoſe Luminaries, which would be other- 


' wiſe too confuſed and promiſcuous for eaſy 


Conception, and a regular Method of treat- 
ing on them. (CXLV.) 


(CXLV.) 1. The Surface of this CELESTIAL GLOBE 
may be eſteemed a juſt and adequate Repreſentation of 
the concave Expanſe of the Heavens, notwithſtanding 
its Convexity 3 for *tis eaſy to conceive the Eye placed 
in the Centre of the Globe, and viewing the Stars on 
its Surface, ſuppoſing it made of Glaſs, as ſome of them 
are; and alſo, that if Holes were made in the Centre 
of each Star, the Eye in the Centre of the Globe, 


properly 


Problems, it will be neceſſary to premiſe 


\ 
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Is order to underſtand the following 


the 


properly poſited, would view through each of thoſe 
Holes the very Stars in the Heavens repreſented by 
them. | 

2. Becauſe it would be impoſſible to have any diſtinct 
or regular Ideas or Notions of the Stars in reſpect of 
their Number, Magnitude, Order, Diſtances, &c. with- 
out firſt reducing them to proper Claſſes, and arranging 
them in certain Forms, which therefore are call'd AsTE- 
RISMS or CONSTELLATIONS, This was done in the 
early Ages of the World by the firſt Obſervers of the 
Heavens, and thoſe who made Spheres or Delineations ; 
of whom Sir {ſaac Newton reckons Chiron the Centaur 
the firſt who formed the Stars into Conſtellations, about 
the Time -of the Argonautic Expedition, or ſoon after ; 
and that the ſeveral Forms or A/teri{ms were, as it were, 
ſo many ſymbolical Hiſtories, or Memorials of Perſons 
and Things remarkable in that Affair. Thus Aries, the 
Ram, is commemorated for his Golden Fleece, and was 
made the ſirſt of the Signs, being the Enſign of the Ship 
in which Phryxus fled to Colchis; Taurus, the Bull, 
with Brazen Hoofs, tamed by Jan; Gemini, the Twins, 
viz. Caſtor and Pollux, two of the Argonauts; the Ship 
Argo and Hydrus the Dragon, Cc. which all mani- 
feſtly relate to the Affairs of that Expedition, which 
3 about forty or fifty Years after Solomon's 

cath, | 

3. By this Means they could make Catalogues of the 
Stars, record their Places in the Heavens, and call them 
all by their Names. FHipparchus is ſaid to be the firſt 
who framed a Catalogue of the Stars, which was after- 
wards copied by Ptolomy, and adjuſted to his own 
Time, A. D. 140. The Number in this was 1026. 
After this Ulug Beigh made a Catalogue of 1022, re- 
duced to the Year 1437. Tycho Brahe rectified the Places 
of 1000 Stars; but his Catalogue, publiſhed by Longe- 
montanus, contains but 777, for the Year 1600. Bayer 
publiſhed a Catalogue of 1169, Hevelius compoſed a 
| Catalogue 
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Aſcenſion. 
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the following Definitions in relation there- 
to, vix. : 
I. TE DECLINATION of the Sun and 


Stars is their Diſtance from the Equino@ial 
in Degrees of the general Meridian, towards 


either Pole, North or South. 


II. Rien ASCENs10N is that Degree of 
the EquinoQtial reckon'd from the Begin- 
ning of Aries, which comes to the Meridian 
with the Sun or Star. 


HI. OBLiaue Ascens10N is that De- 
gree of the Equinoctial which comes to the 
Horizon when the Sun or Star is riſing : 
And Obligue Deſcenſion is that Point which 
comes to the Horizon on the Weſt Part, 
when the Sun or Star is deſcending or ſet- 
ting in an oblique Sphere. 


IV. AsCENSIONAL D.FFERENCE is the 
Difference between the Right and Oblique 


V. Tux 


Catalogue of 1888 Stars adjuſted to the Vear 1660. 
But the largeſt and moſt compleat of all is the Britt 
Catalogue by Mr. Flam/teed, containing about 3000, of 
which ſcarce 1000 can be ſeen by the naked Eye in the 
cleareſt and darkeſt Night. They are rectified for the 
Year 1689. They are diſtinguiſhed into ſeven Degrees 
of Magnitude, in«their proper Conſtellations ; whoſe 
Names, Latitudes, and Longitudes here follow, toge- 
ther with the Number of Stars in each, and of each par- 
ticular Magnitude, as I have taken them from the third 


Volume of the Hiſtoria Cæleſtis. Note, the firſt La- 
titude is South, the other North, in the Twelve Signs, 
unleſs marked to the contrary. 


4. The 
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V. Tar LoxG1TuDE of the Sun or Star 
is an Arch of the Ecliptic, between the firſt 
d Point of Aries, and that Point of the Eclip- 
al WF tic to which the Luminary is referred by 
ds the Meridian paſſing through it; and is 
| therefore reckoned in Signs and Degrees of 

of the Ecliptic. 


i 4. The Conſtellations of the TWELVE S1GNs, 
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VI. Tur LaTiTuDE of a Star is its 
Diſtance from the Ecliptic towards the 
North or South Pole. 

VII. AMPLITUDE is the Diſtance at which 
the Sun or Star riſes or ſets, from the Eaſt 


or Weſt Point of the Horizon, towards the 
North or South. | 
5. The Confiellations of the Nox THIN HEMISPHERE. 
— If 4 5 5 66 J We A 
Avila com d 29 4019 Jef 71513] 5 
aug 1 3137 39) sJeſe of ede 
Er. J 1 f IAE TE 
Bootes. 4 * * * 5511 d 0ſt! 17184 
che., ESRB J J 
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x 
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Dee 
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VII. Azi- 


'$ 
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VIII. Aziuvr is the Diſtance between 
the North Point of the Horizon, and the 
Point where the Vertical Circle, paſſing 
through the Body of the Sun or Star, cuts 


the 1 


IX. TRE ALTITUDE of ela Sun or Star 
is its Height above the Horizon, meaſured 
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in the Degrees of the Quadrant of Latitude, 


or moveable Azimuth Circle. 

X. A Star is ſaid to riſe or ſet Coſmically, 
when it riſes or ſets when the Sun riſes. 

XI. A Star riſes Acronically, if it riſes 
when the Sun ſets. 


6. Conflellations in the SOUTHERN HEMISPHERE. 
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XII. A Star riſes Heliacally, when it 


emerges out of the Sun- beams, and is ſeen 
in the Morning before Sun-rifing : And it 
ſets Heliacally, * it is ſo near on Sun 
that it cannot be ſeen. 
XIII. A Right Sphere is that whoſe Poles EI 
are in the —— and . e, Mig. 1» 25 
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Sum of all the Stars, 3001015 54/192 45 E 
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and all its Parallels cut 0 at 
Right Angles. 


8. The Uſe of ſuch a Catalogue of Stars is very great, 
for from hence we learn, (I.) If any new Stars at any 
Time appear, which never have been obſerved before. 
(2.) If any Star, which now appears, ſhall in Time to 


come diſappear. (3.) If the new Star which ſhall 


appear be the ſame with a Star that has appeared for- 
merly; and therefore, (4.) If the Stars have 9 
odical Times of Apparition. Hence (5.) The Means 
or Method of predicting the Appearing or Diſappearing 
of Stars. (6.) By a Catalogue of the Stars we com- 
are their reſpective Places, Situations, and Diſtances 
with Eaſe. (7.) By this Means we alſo compare and 
determine the true Places and Motions of the heavenly 
Bodies in general, and of the Sun, Moon, Planets, and 
Comets in particular, with many other uſeful Purpoſes 
it ſerves beſides. 

9. Now it is actually Fact, that ſome new Stars ap- 
pear, and that others diſappear; eas that they change 
their apparent Magnitude, and diſappear by Degrees. 
Hipparchus the firſt of Men obſerved a new Star, (120 
Years before Chriſt) which occaſioned his making a 
Catalogue of the Stars, Another is ſaid to have appear'd 
A. D. 130; another A. D. 389; one exceeding bright 
in the gth Century, and another in the Year 1264. 

10. But the firſt new Star, of which we have an 
good Account, is that in the Chair of Caſſiopeia, fi 
obſerved by Cornelius Cemma on the gth of November 
1572, and by Tycho Brahe on the 11th. Sir Jſaac 
Newton ſays it equalled Venus in Brightneſs at its firſt 
Appearance, and gradually declined in its Luſtre, till it 
totally diſappeared in the March — This Star 
is ſuppoſed to be the ſame that appeared in the Vears 


45 and 1264, having its Period about 310 or 320 
11. In Avg. 13, 1596, D. Fabricius obſerved another 
new Star in the Neck of the Whale; and through the 
17th Century this Star was obſerved to appear and diſ- 


appear 
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XIV. A Parallel Sphere is that whoſe 


Poles co-incide with the Poles of the Ho- 
r1Zonl, 


appear periodically, its Period being equal to 333 Days. 
the Phænomena of this and the like Stars are ſuppoſed 
to be owing to the Spots on their Surface, which ſome- 
times increaſe, and ſometimes decreaſe, in the Man- 
= as we have obſerved they do on the Surface of our 
un. "IM | 

12. For that the Stars are really Suns, and have each 
a Syſtem of Planets, &c. about them, like ours, can 
be no Doubt to thoſe who underſtand the Rules of Rea- 
ſoning rightly, as I have before obſerved, Arnot. 
CXXXI. And therefore, as they revolve about their 
Axes, thoſe Spots may cauſe a great Alteration of Luſ- 
tre, and ſometimes wholly obſcure them for a Time. 
But it is no Wonder if Bodies at ſuch a Diſtance ſhould 
haye Appearances produced by Cauſes quite unknown to 
us. See more on this Head in Dr. Long's Aſtronomy. 

13. As to the Diſtance of the Fixed Stars, we had 
but ſmall Hopes of any Eſtimation of it, till Dr. Brad- 
ley began his Obſervations on them with an Inſtrument 
ſo very exact, as that he is of opinion, if the Paral- 
lax of a Star amounted to but one ſingle Second, he 
muſt have obſerved it; and therefore that ſuch a Star 
_ be above 400000 Times farther from us than the 

un. 
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14. For if S repreſent the Sun, T the Earth, A T B Plate 
its Orbit, and R a Star at ſuch a Diſtance 8S R or T R, LXIII. 
that the Semidiameter of the Orbit 8 T ſhall ſubtend Fig, 4. 


an Angle T RS = 30%, or half a Second, then we find 
the Diſtance 8 R by this Analogy: : 


As the Tangent of the Angle TRS = 30% = 4.37 1914 
Is to Radius | go0® = 10.000000 
So is the Sun's Diſtance ST = 1 = 0.000000 


To the Diſtance of the Star SR = 424700 = 5.628086 


15. But the Diſtance of the Sun 8 T = 20000 Semi- 
diameters of the Earth * Annot. CXXXIV.); and 
4 


ſuppoſing 


| ON 
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rizon, or Zenith and Nadir; and the Equi- 
noctial with the Horizon; and all the Pa- 
rallels parallel thereto. 

XV. AN 


ſuppoſing SR = (TR=) 400000 S T, then is the Diſ- 
tance of the Star from the Earth IR = 400000 x 20000 
8000000000 Semidiameters of the Earth, or 8000000000 
X 4000 = 32000000000000 Miles of Exgliſb Meaſure. 
Hence it appears, that though the Velocity of Sound be 
ſo very great as at the Rate of 1142 Feet per Second, 


or 7000000 Miles per Annum, yet it would take up 


4571430 Years to paſs from the neareſt Star to us. A 
Cannon-Ball would take up twice that Time to paſs 
from us to the Star; (ſee Aunot. XXV. 4.) yea Light 
itſelf, with the inconceivable Velocity of 10000000 


Miles per Minute, takes up more than 6 Years in com- 


ing from the Star to us. Therefore how immenſely 
great muſt thoſe Luminaries be, which appear ſo bright, 


and of ſuch different Magnitudes, at ſuch immenſe 


Diſtances | 
16. The different apparent Magnitudes of the Stars 
are owing to their different Diſtances from us. Had 


we Teleſcopic Eyes, we ſhould ſee many more. Seventy 
Stars, and more, have been diſcovered in the Pleiades 


(commonly called the Seven Stars); and all that Tract 
of the Heavens called the Milky Hay (or Galaxy) is 
well known to be owing to the Refulgence of à prodi- 
gious Multitude of Stars diſſeminated through thoſe Parts 
of the Univerſe, though at ſo great a Diſtance as to be 
inviſible to the naked Eye; yet are they diſcernable in 


great Numbers through a Teleſcope, and more in Pro- 


portion as the Inſtrument is better. 

17. Hencelikewiſe we account for that particular Phæ- 
nomenon we call a nebulous Star, or cloudy faintiſh 
bright Spots that appear like Stars in an indirect View; 
for in order to this you have no more to do than only 
to direct a good Teleſcope to any one of them, and 
= will be agreeably ſurpriſed with a View of a great 

ultitude of very- ſmall Stars, which were the Cauſe 
of the luminous Spot to the naked Eye. 


18. To 
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XV. An Oblique Sphere is that, one of 
whoſe Poles is above the Horizon, and 
the 


18, To the very ſmall apparent Magnitude of the 
Stars we owe their conſtant Twin#ling ; for being but 
lucid Points, every opake Corpuſcle or Atom floating 
in the Air will be big enough to cover and eclipſe them, 
when they get in the right Line between the Star 
and the Eye; which Alternations of momentary Occul- 
tations and Apparitions make the Twinkling of the 
Stars we now ſpeak of. 

19. I ſhall here give a fuller Account of the ſmall 
elliptic apparent Motion of each Star about its true 
Place, which I have already begun in a former Annota- 
tion. And in order to underſtand the Force of the Ar- 
gument, the following Repreſentations are neceſſary, 
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viz. Let S be the Sun, ABCD the Earth's Orbit; Plate 


and from S ſuppoſe a Perpendicular erected, as S P, 
paſſing through a Star at P. Now if the Spectator were 
at 8, he would view the Star in the ſame Perpendicu- 
lar, and in its true Place P, projected in the Point p in 
the viſible Surface of the Heavens. But if the Specta- 
tor be carried about the Sun in the Circle ABCD, 
whoſe Diameter is ſenſible at the Diſtance P, or ſub- 
tends a ſenſible Angle AP C, then in the Poſition A 
he will ſee the Phenomenon P in the Right Line AP a, 
projectedgn the Point a, For the ſame Reaſon in the 

oints B, C, D, the Star will appear in b, c, d; fo that 
it will ſeem to have deſcribed the little Circle a h c d. 

20. If the Diſtance of the Star S P be fo great, that 
the Diameter of the Earth ſubtends no ſenſible Angle, 
but appears as a Point, then will alſo the ſmall Circle 
a bed become inſenſible; and all the Lines AP, B P, 
Cc. may be eſteemed perpendicular to the Plane of the 
Ecliptic, and be directed to the ſame Point in the 
Heavens with the Perpendicular 8 P, as to Senſe. So 
that in this Caſe the Star P would ever appear in the 
lame Point p, if Light were propagated in an Inſtant. 

21. But if in this very Caſe, in which the Star is fo 
remote, Light be propagated in Time or with a certain 

Velocity, then as the Earth deſcribes its Otbit a Spec- 


tator 


L XIII. 
Fig. 5, 6, 
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the other below it; and the Equinoctial 
and 


tator will ſee the Star in an oblique Direction, and not 
in the Perpendicular, as we have formerly ſhewn : That 
is, if G F be a Tangent to the Earth's Orbit in B, 
and B E perpendicular to the Plane of the Ecliptic in 
the Point B, then while the Earth moves through the 
indefinitely ſmall Arch GB, a Star at E will appear 
to move from E to e, or to be in e when the Earth 
arrives at B. | 
22. Now fince the Diſtance S B is but a Point with 
reſpect to the great Diſtance S P of the Star, it follows, 
that we may refer the Spectator from the ſeveral Points 
A, B, C, D, to the central Point 8, for obſerving the 
Phænomenaà of the Star at P, which will not be altered 
thereby. Therefore if c @ be parallel to A C, and you 
make the Angle PS à equal to the Angle E Be, tis 
plain the Star P muſt appear in a, in the Piredion S a, 
Alſo when the Earth is at D, the Star will be ſeen in 
the oblique Direction Sc at c, the Spectator being re- 
ferred to S. 
23. For the like Reaſon, viz. becauſe b d is parallel 
or alike ſituated in reſpect of D B, and to the Tangent: 
in D and B, therefore the Star at P will appear in 4 
and þ when the Earth is at C and A; and fo during the 
Space of one Year the Star P will appear to deſcribe a 
ſmall Circle a de b, ſuppoſing the Star in the Zenith E 
of the Spectator; but if the Star be at any Diſtance 
from the Zenith, the ſaid ſmall Circle will become an 
Ellipſe, as in Fig. 7. 

24. Theſe ſmall elliptic Motions of the Stars oc- 
caſioned their Declinations to vary, and alſo their Diſ- 
tances from the Poles of the World, and that by the 
Space of 20” 4 on one Side and on the other. Now 
this could not happen on any account of Refraction, 
becauſe the ſame Thing was as well obſerved of Stars 
near the Zenith, where there is no Refraction, as elſe- 
where ſituated. Nor could it reſult from any Nutation 
of the Earth's Axis; for that would have made the 
equal Diſtances of the Stars on oppoſite Sides of the 
Pole unequal, which never happened, 


n 


25. Neither 
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ind its Parallels obliquely cutting the ſame 


(CXLVI). 
| Tur 


25. Neither can this be a Parallactic Motion of the 
Stars 3 for then while the Earth deſcribed the Half of 
its Orbit A B C, the Star would deſcribe the Semicircle 
gbc; whereas it is found by Obſervation, that the Star 
deſcribes the ſaid Semicircle @ b c while the Earth de- 
ſcribes its Semi-Orbit BC D, (See Art. 22, 23.) 
Therefore it muſt ariſe ſolely from the Velocity of Light 
bearing a ſenſible Proportion to the annual Motion of the 
Earth. 

(CXLVI.) 1. The three Poſitions of the Sphere Plate 
here deſcribed are repreſented in ſo many Figures; the IxV 
firſt of which is the Dire& or Right Sphere, which is l 
proper to thoſe People only who live under the Equi- 
noctial Circle Q * to them the Poles of the 
World P and S will both be in the Horizon H O. 

2. The ſecond Figure repreſents the Parallel Sphere, Fig. 2. 
where the Axis of the Earth PS is perpendicular to 
the Horizon, or the Poles P, 8, are in the Zenith and 
Nadir. This Poſition of the Sphere is peculiar to the 
Parts of the Earth under each Pole ; whoſe Inhabitants, 
if any there were, would perceive no circular Motion 
of the Sun, Moon, or Planets, nor any Motion of the 
dtars at all, But this muſt be underſtood of a Perſon 
ſtanding preciſely on the Ends of the Earth's Axis, 
which are the only Points on the Earth's Surface which 
have no real Motion, and conſequently which can pro- 
duce no apparent Motion, . 

3. The Obligue Sphere is repreſented in the third Fig. 3. 
Figure. In this the Axis of the World PS makes an 
Angle PEO with the Horizon H O, of a greater or 
lefler Number ef Degrees according to the Latitude 
of the Place. Hence it appears, that all the Inhabi- 
tants of the Earth have ſuch a Poſition of the Sphere, 
except thoſe under the Eguinoctial and the Poles. 

4+ The Arch P O meaſures the Altitude or Height 
of the Pole, or what is commonly, called the Pole's Ele- 
vation; and this Arch P O is ever equal to the Latitude 
of the Place Z, as will eaſily appear thus: It is = - 

| | + 


Fig. I. 
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Tux Preblems on the Celeftial Globe are | 
the following. 
PROB, 


+ ZP = (EP = Quadrant ) ZP +PO=ZO; ll 
if therefore from the two equal Quadrants EP =ZOQO RF 
you ſubduct the common Part or Arch Z P, the re- 
maining Arches Z = PO ; which was to be ſhewn, | 

5. Hence appears alſo the Reaſon of the Method of | 
rectifying the Sphere or Globe for any | 4 Place Z, 
or Latitude Z, viz. becauſe if the Pole P be ele. 
vated fo high above the Horizon as the Place is diſtant 
from the Equator, the ſaid Place will then be the higheſt 
Point of the Globe, and conſequently that to which 
alone all the Phenomena of the Heavens and the Earth, 
in ſuch a Poſition of the Globe, can agree. 

6. Hence alſo we obſerve, that the Complement of 
the Latitude Z P is equal to the Elevation of the Equa- 
tor A H above the Plane of the Horizon. For E Z 
+ZP=(AP=ZH=)ZA@A + XH ; therefore 
ſubduct the common Part A Z, and there remains on 
each Side ZP = A H; which was to be ſhewn, 
Whence the Angle ZEP = EE H. 

7. Any great Circle of the Sphere paſſing through 
the Zenith and Nadir Z and N, as Z EN, Z AN, 
are called Auimuths or Vertical Circles; of which that 
which paſſes through the Eaſt and Weſt Points of the 
Horizon, as Z EN, is called the Prime Vertical. The 
Arch of the Horizon AE is the Amplitude of a Phæ- 
nomenon emerging above the Horizon at the Point A; 
this is called the Ortive Amplitude, becauſe it is riſing 
as on the Weſtern Side it is called the Occaide Ampli- 
tude, becauſe it is there ſetting, The Arch A B mea- 
ſured by a Quadrant of Altitude Z A is the Altitude 
of any Celeſtial Body at B, above the Horizon. | 

8. As I judge this a proper Place, I ſhall here explain 
the Ph:/:ſophical Principles of Gnomanics, or the Art 
of DIALLING. In order to this we are to conſider, 
that as the Time which paſſes between any Meridian's 
leaving the Sun and returning to it again is divided into 
24 Hours, ſo if we conceive a Sphere to be conſtructed 

with 
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PROB. I. To re#ify the Globe. 

S ELEVATE the Pole to the Latitude of 
me Place, and every Thing as directed un- 
der 


with 24 of theſe Meridians, the Sun will orderly come 
upon or be in one of them at the Beginning of every 


Hour. Such a Sphere may be repreſented by the Fi- 


or 24 in all. 


t 9. Since theſe Meridians divide the Equinoctial into 
oh 24 equal Parts, each Part will contain juſt 15?, becauſe 
55 15 * 24 300 = the whole Circle; and ſince all the 


Meridians paſs through the Poles of the World, the 
Planes of thoſe Meridians all interſect each other in one 
common Line PS, which is the Axis of the Sphere, 
therefore the ſaid Axis P S is in the Plane of each of 
the rz Meridians. 

10. Suppoſe Z to be the Zenith of any Place, as 
London, and DW B E the Plane of the 8 fixed 
within the Sphere, conſtructed with the ſaid 12 Meri- 
dans or Hour- Circles, 1, I, 2, 2, 3, 35 % 4, Cc. then will 
the Axis of the Sphere P S paſs through the Centre of 
the Plane at N, fo that One- half NP will be above the 
Flane, and the other Half NS below it. 

11. Suppoſe now this Dialling-Sphere to be ſuſpended 
by the Point Z, and moved about ſo as to have the 
Points D and B exactly in the South and North Points 
of the Horizon, and k and W in the EA and Wt 
Points ; then will the Sphere have a Situation every 
way ſimilar to that of the Earth and Heavens with re- 
ſpect to the given Place London, and the Axis of the 
Sphere to that of the Earth. 


be attended with all the ſame Incidents, and produce 
all the ſame Effects, as would happen if the ſaid Sphere 
were at the Centre of the Earth, or the Centre N of 
the Sphere coincided with the Centre of the Earth; 
decauſe the Diſtance betwixt the Surface and Centre of 
ae Earth is inſenſible at the Diſtance of the Sun. 

13. Now 


% of 


cure PD S B, where the ſeveral Meridians are repre- Plate 
ſented by P1S, P2S, P35, and fo on to twice 12, LXV. 


Fig. 4. 


12. Therefore the Sun ſhining on ſuch a Sphere will 
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of the 12 Hour-Circles, viz. from Midnight to Noon 


therefore Lines were drawn through the Centre N, 
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der PROB. II. of the 7. erreſtrial Globe, 
which ſee. 


PROB. 


13. Now *tis evident, as the Sun revolves about ſuch 
a Sphere, it will every Hour be upon One-half or other 


it will be on thoſe Parts of the Circles which are in 
the Eaftern Hemiſphere, and from Noon to Midnight it 
will paſs over all thoſe in the Veſtern. It is alſo far. 
ther evident, that while the Sun is in the Eaſtern He- 
miſphere it will be firſt below and then above the Plane 
of the Horizon, and vice verſa on the other Side. 

14. Again: When the Sun is upon any one of theſe 
Hour-Circles, by ſhining upon the Axis it cauſes it to 
caſt a Shadow on the contrary Side, on the Plane of the 
Horizon, on the nether or upper Surface, as it is below 
or above the faid Plane. This Shadow of the Axis will 
be preciſely in the Line in which the Plane of the Hour- 
Circle would interſect the Plane of the Horizon: If 


joining the Points on each Side the Plane where the 

Hour-Circles touch it, as 4 N 4, 5Ns, 6 N6, Cc. the 

Shadow of the Axis will fall on thoſe Lines at the Be- 

ginning of each reſpective Hour, and thereby indicate 

— Hour-Circle the Sun is in for every Hour of the 
ay. 

2 Theſe Lines are therefore properly called Hour- 
Lines; and amongſt the reſt, that which repreſents the 
Hour of 12 at Noon is NB, half the Meridian-Line 
DB; whence it appears, that the Hour-Lines Ny, 
N 2, N 3, Ce. which ſerve for the Afternoon, lie on 
the Eaſt Side of- the Plane, and are numbered from the 
North to the Eaft ; and on the contrary. | 

16. It alſo appears, that as the Sun's Altitude above 
the Plane is greater or leſs, the Number of Hour-Circles 
the Sun will poſſeſs above the Horizontal Plane will be 
alſo greater or leſs. Thus when the Sun is at S in the 
Equinoctial, its diurnal Path for that Day being the 
Equinoctial Circle itſelf E QW, tts plain, ſince the 
Arch E E = EQ, the Sun will apply to fix 4 

ire 
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PROB. II. To find the Sun's PLACE in 
the Ecliptic. 


Circles below the Horizon, and to fix above it, in each 
Half of the Day; and conſequently, that on that Day 
the Shadow will occupy but 12 of the Hour-Lines on 
each Surface of the Plane, beginning and ending at 6. 

17. But when the Sun is in the Tropic of Cancer, its 
diurnal Path for that Day being the Tropic itſelf T C 
RF, 'tis manifeſt the Sun in the Forenoon aſcends above 
the Plane in paſſing between the Hour-Circles of 3 and 
4 in the Morning, and deſcends below it in the After- 
noon between the Hours of 8 and 9: Therefore in the 
Summer-Tropic the Shadow will paſs over 16 of thoſe 
Hour-Lines. And vice vert when the Sun is in the 
Winter-Tropic at O, its Path being then O GI, it 
riſes above the Plane between 8 and 9, and leaves it be- 
tween 3 and 4. 


FinD 
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18. From what has been ſaid *tis evident, that if Plate 
the Circles be ſuppoſed removed, and only the hori- LXV. 
zontal Plane remain, with the Half of the Axis NP Fig. 5. 


above it, in the ſame Poſition as before, then ſhould we 
have conſtituted an Hor1zoXTAL DIaL, every way 
the ſame with thoſe in common Ule, as repreſented in 
the next Figure, with only the Addition of a Subſtyle 
PQ, to Fon ca the Style NP very firm. 


19, Hence appears the Reaſon why the Gnomon or 


Style N P in thoſe Dials is always directed to the North 


Pole, and always contains ſuch an Angle PN O with 


the Hour of 12 NB as is equal to the Latitude of the 
Place: Laſtly, the Reaſon why the Number of Hour- 
Lines on theſe Dials exceeds not 16, and are all drawn 
from 6 to 12 and 6 again on the Northern Part, the 
reſt on the Southern; and why the Hour-Line of 6 
lies directly Eaſt and ft, as that of 12 does North 

and South. | 
20. If a Plane be fixed with the ſame Sphere in a 
Vertical Poſition, or perpendicular to the Horizon, and 
coinciding with the Plane of the Prime Vertical, i. e. 
facing full South and North; then will the Axis 3 
| 


Fig. 6. 


__————_— 
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Finp the Day of the Month in the Ca- 


| lendar on the Horizon, and right againſt 


it is the Degree of the Ecliptic which the 
Sun 1s in for that Day. 
PROB. 


ſtill paſs through the Center of the Plane N, and the 
lower Semi-axis NS will by its Shadow, mark out the 
Hour-Lines on the Southern Surface, and the upper 
Semi-axis NP will do the fame on the Northern. Theſe 
Hour-Lines are determined in the fame Manner as 
thoſe on the Horizontal Dial; and it is plain, the Sun 


cannot come on the Southern Face of this Plane before 


Six in the Morning, nor ſhine on it after Six in the 
Evening. 

21. Alſo it is evident, that all the Hours before Six 
in the Morning, and after Six at Night, will be ſhewn 
on the Northern Face or Side of this Plane, for the 


Time of the Sun's being above the. Horizen in an 


Plate 
LXV. 
Fig. 7. 


Place. Hence the Reaſon of a Direct South and North 
Vertical Dial eaſily appears; the latter of which is here 
repreſented apart from the Sphere, with its Style N 8, 
Subſtyle, and Hour-Lines : And the fame may be con- 
ceived for a North Erect Dial. 

22. The Gnomon NS contains an Angle SND = 
Z NP with the Meridian or Hour-Line of 12, viz. 
Z D, which is exactly the Complement of the former 
PNB to go Degrees; or the Elevation of the Gnomon 
is in theſe equal to the Complement of the Latitude of 
the Place: And what has been ſaid about the Reaſon 
of the Hour-Lines is the ſame for the Half-Hours, 
Quarters, c. Likewiſe if the Rationale of a Direct 
South Dial be underſtood, Nothing can be difficult to 


underſtand of a Dial which does not face the South or 


North directly, but declines therefrom any Number of 
Degrees towards the Eaſt or Weſt. But they who 


would know more of the Mathematical Structure and 
Calculations for all Sorts of Dials, may have recourſe 


to the Second Volume of my Mathematical Ixs r- 
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PRO B. III. To find the Sun's Decr.t- 
NATION : 

REcrir v the Globe, bring the Sun's 
Place in the Eclptic to the Meridian, and 
that Degree which it cuts in the Meridian 
is the Declination required. 

PRO B. IV. To find the Sur's Rieur 

ASCENSION : 

BR IR G the Sun's Place to the Meridian, 

and the Degree in which the Meridian cuts 


the EquinoQtial is the Right Aſcenſion re- 
quired. 
PRO B. V. To find. the Sur's Arr. 


| TvDe: 
BRING the Sun's Place to the Horizon, 


and the Arch of the Horizon between it 
and the Eaſt or Weſt Point is the Amplitude, ü 


North of South. 


P ROB. VI. To find the Sun's ALT ITUDE 


for any given Day and Hour: 
BRING the Sun's Place to the Meridian; 


ſet the Hour-Index to the upper XII. then 
turn the Globe till the Rae points to the 


given Hour, where let it ſtand; then ſcrew- 


ing the Quadrant of bn in the Ze- 


with, lay it over the Sun's Place, and the 
Arch contained between it and the Hori- 
zon will give the Degrees of Altitude re- 
quired. E 


Vor. II. 8 PRO B. 
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PROB. VII. To find the Sun's Az iuurn 

for any Hour of the Day: 

EvkRY Thing being done as in the laſt 
Problem, the Arch of the Horizon con- 
tained between the North Point and that 
where the Quadrant of Altitude cuts it, 
is the Azimuth Eaſt or Welt as required. 

| PROB. VIII. To find the Time when the 
Sun riſes or ſets : 

Find the Sun's Place for the given Day; 
bring it to the Meridian, and ſet the Hour- 
Hand to XII. then turn the Globe till the 
Sun's Place touches the Eaſt Part of the 
Horizon, the Index will ſhew the Hour of 


its Riſing : After that turn the Globe to 


the Weſt Part of the Horizon, and the In- 


dex will ſhew the Time of its Setting for 


the given Day. 
PROB. IX. To find the Length of any 
given Day or Night: 
Tus is eaſily known by taking the Num- 
ber of Hours between the Riſing and Set- 
ting of the Sun for the Length of the Day; 


and the Reſidue to 24, for the Length of 
the Night. 


PR OB. X. To find the Hour of the Day, 

having the Sun's Altitude given : 

BRING the Sun's Place to the Meridian, 
and = the Hour-Hand to XII.; then turn 


the 
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the Globe in ſuch Manner, that the Sun's 
Place may move along by the Quadrant 
of Altitude, (fixed in the Zenith) till it 
touches the Degree of the given Altitude; 
where ſtop it, and the Index will ſhew on 
the Horary Circle the Hour required. 

PROB. XI. To find the Place of the MooN 

or any PLANET, for any given Day: 

Tak B Parker's or Weaver's Epbemeris, 
and againſt the given Day of the Month 
you will find the Degree and Minute of the 
Sign which the Moon or Planet poflefles at 
Noon, under the Title of Geocentric Mo- 
tions. The Degree thus found being marked 
in the Ecliptic on the Globe by a ſmall 
Patch or otherwiſe, you may then proceed 
to find the Declination, Right Acenfon, La- 
titude, Longitude, Altitude, Azimuth, Riſing, 
Southing, Setting, &c. in the ſame Manner 
as has been fhewn for the Sun. 

PROB. XII. To explain the Phænomena 

of the HarvesT-Moon. | 

In order to this we need only conſider, 
that when the Sun is in the Beginning of 
Aries, the Full Moon on that Day muſt 
be in the Beginning of Libra: And ſince 
when the Sun ſets, or Moon riſes, on that 


the Horizon, and the Ecliptic will then be 
Tis leaſt 


Day, thoſe Equinoctial Points will be in 
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vens, and all the Stars on the Globe will be 
in fuch Situations as exactly correſpond to 
thoſe in the Heavens ; which may therefore 
be eaſily found, as will be ſhewn. 
PROB. XIV. To find the Hour when any 
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known Star will riſe, or come upon the 


Meridian: 
REecT1FyY the Globe, and fe the Index to 
XII.; then turn the Globe till the Star comes 


to the Horizon or Meridian, and the Index 


will ſhew the Hour required. 

PROB. XV. To find at what Time of the 
Year any given Star will be on the Meri- 
dian at XII. at Night. 

. BRING the Star to the Meridian, and 

obſerve what Degree of the Ecliptic is on 
the North Meridian under the Horizon ; 


then find in the Calendar on the Horizon 


the Day of the - Year againſt. that De- 
gree, and it will be ha Hay SEquired- 


(CXLVII. ) 3 ” 
47% Tuns 


(CXLVII.) 1.1 ſhall heed? erteſent! the Caſes of 
theſe Aſtronomical Problems, as they are performable 
by the Circles of the Celeſtial Globe, or by the Stere- 
graphical Projection of the Sphere in Plano. Thus; 

Let A NQS be the General Meridian. 

N S the Axis of the Sphere. | 
A. Q the Equinoctial Line. 
H O the Horizon of London. 
CW the Ecliptic, or Sun's Path. 
Z D the Prime Vertical or Azimuth. 
T 3 EP 
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Tuxsz are the chief Problems on the 
Celeſtial Globe: We now proceed to thoſe 
on 


EP the Axis of the Fcliptic, 
N AS an Hour-Circle or Meridian, 
Z AD an Azimuth Circle. | 
E YPa Circle of Lonyitude, 
SIS the Tropic of Cancer. 
W the Tropic of Capricorn. 
2. By Means of theſe Circles various Spherical Tri- 
angles are formed for Calculation. Thus let A be the 


Place of the Sun in the Ecliptic ; then in the Right- 


angled Triangle A X C we have 


CA the Sun's Place, or Longitude from the Equi- 


nox C. | 
A X the Sun's Declination North, 
C X the Sun's Right- Aſcenſion, 
ACK the Angle of Obliquity of the Ecliptic. 
3. And ſuppoſing the Sun riſing in the Horizon at M 


on the Day of the Summer Tropic, and NM S an Hour- 


Circle; then there is formed the Right-angled Triangle 
N OM, in which we have | 
NO= ZZ = the Latitude of the Place Z. 
MO the Amplitude from the Norti. | 
NM tie Complement of the Sun's Declination RM. 
ON M the Angle of the Hour from Midnight. 
OM the Angle of the Sun's Poſition. 

4- On the ſame Fro ical Day the Sun is at I at Six 
o' Clock, becauſe the Hour-Circle of Six is projected 
upon the Axis NCS; therefore in the Right angled 
Triangle I C K we have 

IK the Sun's Altitude at Six. 

CK the Azimuth from the Eaſt at Six. 
CI the Declination North. 

ICK the Latitude of the Place. 

5. Again; when the Sun on the ſame Day comes to 
the Prime Vertical Z CD, his Place when due Eaft and 
Weſt is at G; therefore in the Right-angled Triangle 
GBC we have | pots 

G B the Sun's Declination North. 
(GC the Sun's Altitude when Eaſt or Weſt, 


The Uſe of the GTokzs. 299 


on the Terreſtrial ; but ſhall firſt premiſe 
the following Definitions relating thereto. 
I. THE 


BC the Hour of his being due Eaſt or Weſt. 
BCG the Latitude of the Place. | 
6. Suppoſe the dun in the Horizon at M once more; 
then in the Right-angled Triangle M CR we have 
CM the Amplitude from Eaſt to Weſt, 
MR the Declination North. 
CR the Aſcenſional Difference. 
RCM the Co- Latitude of the Place. 
RMC the Angle of Poſition. - 
7. In the Oblique Triangle A Z N we have 
ZN the Co-Latitude of the Place Z. 
AN the Co-Declination. 
A Z the Complement of the Altitude AF. 
AN Z the Hour from Noon equalto /E X. 
AZ N the Azimuth from the North. 
And the ſame may be done for any Star at A, or any 
other Place. | 
8. Laſtly, let Y be any Star, then in the oblique 
Triangle V NE we have 
E the Co-Latitude of the Star. 
N the Co-Declination of the Star. 
NE = XS = the Obliguity of the Ecliptic. 
NEY the Star's Longitude in the Ecliptic. 
E N Y the Hour from Midnight. 
9. For the Canons and Method of Calculation I ſhall 
refer the Reader to the ſecond Volume of my Young 
Trigonometer's Guide, what I have done being as much 


as the Nature of the Subject at preſent requires: And 
thoſe who have no Globes may ſolve moſt of theſe (and 
many other) Problems by my Synopſis Scientiæ Celeſtis, 
at - very ſmall Expence, and with the greateſt Exact- 
neſs, 


10. The Reaſon of the Phenomenon we call the 


HARVEST-Moo is extremely eaſy by the Globe, and 
may alſo be repreſented in a Diagram thus. Let HO 
be the Horizon, A Q the Equinoctial; then will T r plate 
be the Ecliptic, when . Beginning of Aries is in the LXVI. 


+ Weſtern Fig. 2» 
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Plate 
LXVI. 
Fig. z. 
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I. Tux LAT1TUDE of. any Place is its 


Diſtance from the Equator towards either 


Pole; 


Weſtern Horizon; but when the other Equinox is 


there, t R will be the Poſition of the Ecliptic. On the 


Vernal Equinox if a Full-Moon happens, it will be at C 


in the Eaſtern Horizon at Riſing ; in one Day the Moon 
will deſcribe the Arch Ce; wherefore the following 


Night ſo much Time will intervene between Six o' Clock 


and the Hour of the Moon's riſing, as is ſpent in the 
Motion of the Globe while the Arch Cc is aſcending 
above the Horizon. 

11. Whereas at the oppoſite Time of the Year, viz. 
at the Autumnal Equinox, if a Full-Moon happen, then 
the next Night the Moon's diurnal Arch to be elevated 
above the Horizon is Cb = Cc; but ſince the Poſition 
of Ch is fo much nearer to the Horizon than C, it 
will aſcend much ſooner above it, viz. in about one- 


fifth Part of that Time, and ſometimes in leſs, becauſe 


the Moon's Orbit ſometimes makes a greater Angle 
with the Horizon than I CH = 4 Cc, and ſometimes 
a leſs Angle than CH = a C b. But for more on this 
Subject fee my Philoſophical Grammar. | 

12. Becauſa in many Caſes it is abſolutely neceſſary 


to hive a MERRIDIAN-LIxNxE at hand, I ſhall here ſhew 


the beſt Way of making or drawing ſuch a one on any 
Plane where the Sun can ſhine, thus. Let a ſtrait 
Braſs Pin or Steel Wire A B be fixed upright in the 
Point A, on which Point as a Centre you had before 
deſcribed ſeveral concentric Circles, as C DE, F (, 
&c. Now to make the Pin A B exactly perpendicular, 
Jet three Points be choſen in the outmoit Circle, as F, 
G, H, in which place one Foot of the Compaſſes, and 
extend the other to the Lop of the Pin B. The Pin 
is to be bent one way and the other, till the ſaid Point 
of the Compaſſes will fall nicely on the Middle of the 
Top B from each Point of the Circle F, G, H, and 
then is the Pin well adjuſted. 

13. Then obſerving in the Forenoon where the Top 


of the Shadow A C touches any one Circle, there make 
| a Mark; 


woe ow Yo. , 


f , ↄ WC * 0 > 
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Pole; and is reckoned in Degrees of the 


General Meridian, beginning at the Equa- 


tor. | 


II. Loxne1TUDE is the Diſtance between 


the Meridian of any Place, and the firſt 


or ſtanding Meridian, reckoned in the De- 
grees of the Equator towards the Eaſt or 
Welt. | 5 

III. A CLIMATE is a Space of the Earth's 
Surface, parallel to the Equator, where the 
Length of the Day is half an Hour longer in 


the Parallel which bounds it on the North, 


than in that which terininates it on the 


South. 
IV. A Zo is alſo a Diviſion of the 
Earth's Surface parallel] to the Equator, in 


regard of thedifferent Degrees of Heat and 


Cold, which we have deſcribed in the pre- 
ceding Lecture. 


a Mark, as at C; and then in the Afternoon make a 

Mark at E, where the Shadow's Point is in the ſame 

Circle again. Then biſect the Arch C E in the Point 

D. through which and the central Point A draw the 

Line A D, and it will be the Meridian Line required. 

If this be done in ſeveral Circles, the Operation will 

be the more exact and certain. 

14, I have here added the Figures of the Celeſtial plate 

and Terreſtrial Globe, with all the principal Circles LXVI. 


and their Names, as they are rectified for the Latitude Fig. 4, 5 


of London. Note, "Theſe Globes I now make from the 
late Mr. Senex's Plates, of 3, 9, 12, 17, and 27 Inches 
Diameter, and with many new Additions, Corrections, 
and Improvements, 

V. Tax 
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V. Taz AnToEci are thoſe Inhabitants 
of the Earth who live under the ſame Me- 
ridian, but on oppoſite Parallels, and are 
therefore equally diſtant from the Equator. 
Their Noon and Midnight are at the ſame 
Time; the Days of one are equal to the 
N ichts of the — : and their Seaſons of 
the Year are contrary. 

VI. THz PERIoect are thoſe People who 

live under the fame Parallel, but oppoſite 
| Meridians. The ſame Pole is elevated and 
depreſs'd to both ; are equally diſtant from 
the Equator, and on the ſame Side ; when 
Noon to one, it is Midnight to the other ; 
the Length of Days to one is the Com- 
plement of Night to the other, and the con- 
trary ; and the Seaſons of the Year are the 
ſame to both, at the ſame Time. 

VII. Tak ANTIPODES are thoſe who live 
Feet to Feet, or under oppoſite Parallels and 
Meridians. They are equally diſtant from 
the Equator on different Sides ; have the 
contrary Poles equally elevated ; the Noon 
of one is Midnight to the other; the longeſt 
Day or Night to one 1s ſhorteſt to the other ; 
and the Seaſons of the Year are contrary, 
Sc. | | 

VIII. ALso the Inhabitants of the Tor- 
rid Zone are called AupHISCII, becauſe their 
Shadows fall on both Sides of them, 


IX. 
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IX. Tnosk of the Frigid Zone are called 
PERISCIH, becauſe their Shadows fall all 
ground them. 

X. Ano the Inhabitants of the Tempe- 
rate Zones are called HETERosc11, becauſe 
they caſt their Shadows only one way. 

XI. A CONTINENT is the largeſt Diviſion 
or Space of Land, comprehending divers 
Countries and Kingdoms, not ſeparated by 
Water. 

XII. Ax IsLAND is any ſmall Tract of 
Land ſurrounded by Water. 

XIII. A PENINSULA is a Part of Land 
encompaſſed with Water all around, except 
on one Part, which is called 

XIV. Ax IsrnMus, being that narrow 
Neck of Land which joins it to the Conti- 
nent. 

XV. A PkoMonTory is a mountainous 
Part of Land ſtanding far out in the Sea; 
whoſe Fore-part is call'd a Cape or Head- 
Land. | 


XVI. Tur Ocean is the largeſt Col- 


lection of Waters, which lies between, and 
environs the Continents. 

XVII. Taz SEA is a ſmaller Part of the 
aqueous Surface of the Earth, interceding 
the Iſlands, nun Ge. 

XVIII. 
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XVIII. A Gurx is a Part of the Sea every 
where environed with Land, except on one 
{mall Part call'd 2 

XIX. A STRAIT, which is that narrow 
Paſſage joining it to the adjacent Ses. 
XX. A LakE is any large Quantity 


of ſtagnant Water entirely ſurrounded b 


Land. ö 14 
Tux other Parts of Land or Water need 


no explanation. 


I 8HALL now proceed to the Solution 


of the moſt uſeful Problems on the Terre/- 


trial Globe, firſt premiſing, that the Latitude 
of a Place is equal to the Elevation of the Pole 
at that Place; for if the Arch of the Me- 
ridian between the Place and the Pole be 
added to the Latitude of the Place, it makes 
go Degrees; alſo if it be added to the Pole's 
Elevation, or Arch between the Pole and 
Horizon, the Sum is go Degrees: Whence 
the Propoſition is evident. 
-PROB. I. To find the Latitude of any 
3 WR 
Br IN the given Place to the Brazen Me- 

ridian, and obſerve what Degree it is under, 
for that is the Latitude required. 
PRO B. II. Torrettijy the Globe for any 
% Place; | 


RA ISE 


2 
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Rails the Pole ſo high above the Ho- 


rizon, as is equal to the Latitude of the 
Place; ſcrew the Quadrant of Altitude in 


the Zenith; find the Sun's Place, and bring 
it to the Meridian ; ſet the Hour-Hand to 
the upper XII.; ſhe place the Globe North 


and South by a Needle ; then is it a juſt Re- 
preſentation of the Globe of the Earth, in 


e. of that Place, for the given Day at 


Noon. 


P ROB. III. To find the Longitude of a 


grven Place : 


BRING the Place to the Brazen Meridian, 


and obſerve the Degree of the Equator un- 
der the ſame, for that expreſſes the * 
tude required. 
PROB. IV. To find any Place by the 1 
titude and Longitude given: 
BRING the given Degree of Longitude 


to the Meridian, and under the given De- 
gree of Latitude you will ſee the Place re- 


quired. +. 

PROB. V. To find all thoſe Places which 
have the ſame Latitude and Longitude 
with thoſe of any given Place: 6 

BRING the given Place to the Meridian, 
then all thoſe Places which lie under the 

Meridian have the ſame Longitude: Again, 


turn the Globe round on its 3 - then all 


thoſe 
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' thoſe Places, which paſs under the lame De- 


gree of the Meridian with any given Place, 
have the ſame Latitude with it. 

PRO B. VI. To find all thoſe Places where 

It is Noon at any given Hour of the Day 
n any Place : 

Ba ING the given Place to the Meridian; 
ſet the Index to the given Hour; then turn 
the Globe, till the ſaid Index points to the 
upper XII.; and obſerve what Places lie un- 
der the Braſs Meridian, for to them it is Noon 
at that Time. | 

PROB. VII. When it is Noon at any one 


Place, ts find what Hour it is at any other 


given Place: 

BRING the firſt given Place to the Meri- 
dian, and ſet the Index to the upper XII.; 
chen turn the Globe till the other given Place 
comes to the Meridian, and the Index will 


point to the Hour required. 


PRO B. VIII. For any given Hour of 


the Day in the Place where you are, 10 
find the Hour of the Day in any other 
Place: 

BRING the Place where you are to the 
Meridian; ſet the Index to the given Hour; 


then turn the Globe about, and when the 
other Place comes to the Meridian, the In- 


dex 


* 
rr a % 


Dn © = fr. =. 


6g and a half, (the Number of Miles in one 
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dex will ſhew the Hour of the Day there, 


as required. 

PROB. IX. To find the Diſtance between | 
any two Places on the Globe in Engliſh 

Males : 


BRING one Place to the Meridian, over 
which fix the Quadrant of Altitude; and 
then laying it over the other Place, count 
the Number of Degrees thereon contained 
between them ; which Number multiply by 


Degree) and the Product is the Number of 
Engliſb Miles required. 


PROB. X. To find how any one Place bears 
from another : 


BRING one Place to the Braſs Meridian, 
and lay the Quadrant of Altitude over the 
other ; and it will ſhew on the Horizon the 


Point of the Compaſs on which the latter 


bears from the former. 

PROB. XI. To find thoſe Places to which 
the Sun is vertical in the Torrid Zone, for 
any given Day: 

Find the Sun's Place in the Ecliptic for 
the given Time, and bring it to the Meri- 
dian, and obſerve what Degree thereof it 
guts; then turn the Globe about, and all 
thoſe Places which paſs under that Degree 
of the Meridian are thoſe required. 


PROB. 
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PROB. XII. To od. what Day of the 
Tear the Sun will be vertical to any given 
Place m the Torrid Zone. | 

BRING the given Place to the Meridian, 

and mark the Degree exactly over it; then 


turn the Globe round, and obſerve the two 
Points of the Ecliptic which paſs under that 


Degree of the Meridian: Laſtly, ſee on the 
Wooden Horizon, on What Days of the Vear 
the Sun is in thoſe Points of the Ecliptic; 
for thoſe are the Days required. 


 PROB. XIII. To find thoſe Places in the 
North Frigid Zone, where the Sun be- 
gins to ſhine conſtantly without ſetting, on 
any given Day between the 10th ome 
and the 10th of une. 

Fin the Sun's Place in the Ecliptic for 


the given Day ; bring it-to the general Me- 
ridian, and obſerve the Degrees of Declina- 


tion ; then all thoſe Places which are the ſame 


Number of Degrees diſtant from the Pole, 


are the-Places requived to be found. 

PR OB. XIV. Jo find on what Day the Sun 
begins to Shine conftantly without ſetting, 
on any groen Place in the North Frigis 
Zone, and how long: 

_ Reeriyy the Globe t to „ the Latitude of 


the Place; and, turning it about, obſerve 


what Point of the Ecliptic between Aries 
and 
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aid Cancer, and alſo between Cancer and 


Libra, coincides with the North Point of 


the Horizon ; then find, by the Calendar 


on the Horizon, what Days the Sun will 
enter thoſe Degrees of the Ecliptic, and they 
will ſatisfy the Problem. | | 

PROB. XV. To find the Place over which 

the Sun is vertical, on any given Day 
and Hour : 

FIND the Sun's Place, and bring it to the 
Meridian, and mark the Degree of Decli- 
nation for the given Hour ; then find thoſe 
Places which have the Sun in the Meridian 
at that Moment ; and among them, that 
which paſſes under the Degree of Declina- 
tion is the Place deſired. 

PROB. XVI. To find, for any given Day 
and Hour, thoſe Places wherein the Sun 
is then rifing, or ſetting, or on the Me- 
rid an; alſo thoſe Places which are en- 
lighten'd, and thoſe which are not. 

FinD the Place to which the Sun is ver- 
tical at thegiven Time, and bring the ſame 


to the Meridian, and elevate the Pole to 


the Latitude of the Place ; then all thoſe 
Places which are in the Weſtern Semicircle 
of the Horizon have the Sun ing, and 
thoſe in the Eaſtern Semicucle ſee it /erting ; 
and to thoſe under the Meridian it is Noon. 

VorL. III. 3 Laſtly, 
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Laſtly, all Places above the Horizon are 
enlightened, and all below it are in Dark- 
neſs or N ight. 

PROB. XVII. The Day and Hour of a 
Solar or Lunar Eclipſe being given, to 
find all thoſe Places in WHICH the ſame 

_ wwillbe vifible: 

Fi xp the Place to which the Sun is ver- 
tical at the given Inſtant, and elevate the 
Globe to the 1 of the Place; then 
in moſt of thoſe Places above the Ho- 
rizon will the Sun be viſible during his 
Eclipſe; and all thoſe Places below the 
Horizon will ſee. the Moon paſs through 
the Shadow of the Earth in her Eclipſe. 

PROB. XVII. The Length of a Degree 
being given, to find the Number of Ale | 
m a great Circle of the Earth, and thence 
the Diameter of the Earth : 

ApMIT that one Degree contains 695 
Engliſh Statute Miles ; then multiply 360 
(the Number of Degrees in a great Circle) 
by 694, and the Product will be 25020, 
the Miles which Meaſure the Circumference 
of the Earth. If this Number be divided 
by 3.1416, the Quotient will be 7963 1% 
Miles for. the Diameter of the Earth. 

PROB. XIX. The Diameter of the Earth 
Being known, to find the Surface in Square 

Miles, and its Solidity in Cubic Miles : 
ADMIT 


0 TY 


* 32 * 
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Apuir the Diameter be 7964 Miles; 
then multiply the Square of the Diameter by 
3.1416, and the Product will be 199250205 
very near, which are the Square Miles in 
the Surface of the Earth. Again, multi- 
ply the Cube of the Diameter by 0.5236, 
and the Product 264466789150 will be 
the Number of Cubic Miles in the whole 
Globe of the Earth. 
PROB. XX. To expreſs the Velocity of the 
arurnal Motion of the Earth: 
SINCE a Place in the Equator deſcribes 
a Circle of 25020 Miles in 24 Hours, tis 
evident the Velocity with which it moves 
is at the Rate of 1042z in one Hour, or 
17 & Miles per Minute. The Velocity in 
any Parallel of Latitude decreaſes in the 
Proportion of the Co-Sine of Latitude to the 
Radius. Thus, for the Latitude of London, 
51 Deg. 33 Min. ſay, 
As Radius — _ 10.000000 
TotheCo-fineof Lat. 51 Deg. 
30 M. 9.794149 
So is the Velocity in the 6 
Equator, 17 M. 8 2 


To the Velocity of the City 
of London 10 π M. g 29193 


U 3 That 
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That is, the City of London moves about 


the Axis of the Earth at the Rate of 105, 
Miles every Minute of Time. But this is 
far ſhort of the Velocity of the annual Mo- 
tion about the Sun; for that is at the Rate 
of boooo Miles per Hour, or about 1000 
Miles each Minute, ſuppoſing the Diame- 


ter of the annual Orbit to be 82 Millions of 


Miles (CXLVIII). 
| TRERE 


( CXLVIII.) 1. I might here ſhew how the ſeveral 
Spherical Triangles are formed for the Solution of moſt 
of theſe Geographical Problems, as I did before for the 
Aſtronomical ones; but as the Method is the ſame, I 
need not again repeat it. However, to facilitate the 
Ideas of the above Definitions, &c. I have added (as 


before mentioned) a Print of each Globe. The 


Rationale of the ſeveral Methods of ſolving Problems 


of this Sort cannot be well ſhewn without an Eye 


upon the Globe, and a Praxis cum vivd Voce with a 
Demonſtrator. | FA 

2. I ſhall here ſubjoin a few Things relating to the 
Magnitude of the Earth, and the Dimenſions of the ſe- 
veral Parts, together with the Manner of acquiring the 


Knowledge thereof. Firſt. then, the moſt natural, eaſy, 


and certain Method of doing this is, by firſt meaſuring 
the Length of a Degree of Latitude in the Meridian 


of any Place; becaufe if the Meaſure of one Degree be 


once found, the Earth being ſuppoſed round, *tis plain 


all the other Meaſures may eaſily be deduced from 


—_ | 
3. Thus if I take the Height of the North Pole-Star 


in this Place with a very good Quadrant or Sextant, 


and then proeced directly Northward or Southward, till 


: by 


9 
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THERE is a geometrical Method of de- 
(cribing the Superficies of the Celeſtial and 
Terreſtrial 


by the ſame Inſtrument I find the faid Star raiſed or de- 
preſſed juſt one Degree; then *tis evident I muſt have 
paſs'd over juſt one Degree on the Earth's Surface, 
which — — might be known by actual Menſuration, 
were it poſſible to find ſuch a Part of the Earth's Sur- 
face as is exactly even and ſpherical, and truly in the 
ſame Meridian. We” 

4. Now this is ſcarcely to be expected any where, 
except in ſuch a Country as Holland, which is level, 
and when overflowed with Water, and that frozen into 
Ice, the icy Surface may be near the Truth; and a De- 
gree meaſured in the Meridian upon this Ice muſt of 
courſe be pretty exact, if due Regard be had to Refrac- 
tions in taking the Height of the Pole. Thus Snellius 
actually meaſured the Diſtance between a Tower at 
Leyden and another at Souterwode three Times over, and 
then a ſtraight Line in the Meridian on the Ice, whence 
by a Prigonometrical Proceſs he meaſured a Degree 
but as ſome Miſtakes had been made in. the Calcula- 
tions, the indefatigable Mr. Muſchenbroeſ attempted 
the Thing anew, and formed Triangles upon the fun- 
damental Baſe of Snellius in the Year 1700, and found 
$7033 Toiſes to a Degree. 
5. Now this was but 27 Toiſes leſs than had been 
found by the Royal Academy of Paris; and this was 
but little different from the Meaſure of a Degree ſome 
Time before by our Countryman Norwood, which re- 
ſulted from his meaſuring the Diſtance between Lon- 
don and York, which he did in the Year 1653; and ac- 
cording to him the Length of a Degree is 694 of Eng- 
liſh Miles. tx 

6. Mr. Greaves compared the Engliſh Foot taken from 
the Iron-Standard in - Guild- Hall, London, with the 
Standards of divers Nations, The Proportion between 
ſome of them is as follows: 
U 3 The 


| 
| 
| 


2 


— 
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_ Terreſtrial Globe on a Plane; and this is 


call'd the Projettion of the Sphere in Plano, 


Thus, 
The Engliſb Foot, 1. oo 
The preſent Roman Foot, 0.967 
The Grecian Foot, 1.007 
The Paris Foot, 1.068 
The Leyden or Rhinland Foot, 1.033 
The Bologna Foot, I.250 


7. If the French Meaſure of a Degree, viz. 57069 
Toiſes, be corrected by making proper Allowances for 
the Preceſſion of the Equinoxes, the Aberration of Light 
in the Stars be made ule of, and the Refraction of Light 
through the Air (all which were neglected by Picard) 
the true Meaſure of a Degree at Paris will be 56925,7 
Toifes. ” | | 
8. Now ſince the famous Caffini and Sir Jſagc News 


on had both of them ſhewn the Earth could not natu- 


rally have a ſpherical Form, but muft be a Spheroid; and 
ſince theſe great Men differed in their Accounts of what 
Sort the Spheroid was; Sir Iſaac ſhewing it to be an Ob- 
late Spheraid, and Caſſini ſtrongly contending for the 
Oblong Spheroid; the King of France was nobly inclined 


to have this important Affair decided, and accordingly 


ordered the Length of a Degree to be meaſured at the 
Equator, and at the Polar Circle; that by comparing 
them with the Length of a Degree near Paris, it might 
be known whether the Earth were oblong or flat to- 
wards the Poles. | 
10. And fince a Determination of the Figure of the 
Earth, and its Dimenſions by actual Menſuration, is a 
Problem of the higheſt Concern in Navigation, Aftro- 
nomy, Geography, Levellisg, Hydraulics, &c. I think it 
uite neceſſary the Reader ſhould have an Idea of the 
— in which this was effected by the French Ma- 
thematicians, and which therefore I ſhall give from the 
Book entitled, The Figure of the Earth determined, &c. 


by Maupertuis. 
| | 11, The 
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Thus, One-Half of the Globe is projected 
on one Side of the Plane, and the other 


11. The arduous Taſk was performed in Lapland by 
Meffieurs Clairaut, Camus, Le Monnier, Maupertuis, 
the Abbe Outhier, and M. Celſius of Upſal. They fat 
out for Stockholm,” and from thence for the Bottom of 
the Gulph of Bothnia. Being arrived at Tornea, they 
began their Work; for from thence they ſat out, Fly b, 
1736, to reconnoitre the Country, of which I have here 
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12. After twelve Hours Voyage up the River, they 
came to the Hamlet Korpy4ila, and from thence through 
the Foreſt they went on Foot to the ſteep Mountain 
NMwa, whoſe Summit (a bare Rock) they made their 
- firſt Station. Farther up the River they met with an- 
other high Mountain called Auaſaxa, on the Top of 
which they built a Signal. They then went up the 
River Tenglio, and croſſed a Morals to the great Moun- 
tain Horrilatero, where they built another Signal. 
From hence they returned back again, and in their 
Way croſſed the Foreſt to another very ſteep Moun- 
tain call'd Cuitaperi, which afforded a very fair Proſpect 
to all the reſt. „ | 

13. After this they went ſome to one Part and ſome 
to another, and built Signals on the. Summits of other 
Mountains, viz. Kakama, Pullingi, Niemi, and Kittis, 
near the Village Pello. Then taking the Angles which p; 
the viſual Rays made, connecting the ſeveral Signals by 
a Quadrant of two Feet Radius, furniſhed with a Mi- 
crometer, they conſtituted a Heptagonal Figure T CAP 
QN K, extending from the Tower of the Church of 
Tornea at T, to Kittis at Q. | 

14. And becauſe the Truth of their Work may the 
better appear, I ſhall here ſet before the Reader the 
Sum of all the Angles, of which the ſeveral Angles of 
the Heptagon did confi, ve... 

e „ 


Fig. 2. 
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Half on the other; and if the Plane be 
that of the Ecliptic or Equinoctial, as in 
| | the 


| Se RT. 


24 22 55 
7 91 
100 9 56,8 
30 50 5344 
112 21 48,6 
53 45 56,7 
31 19 5555 
37 24 

7 52 243 
40 14 525,7 
51 53 973 
93 25 75 
2] IT 5353 

9 41 477 


43 45 35,0 
118 28 12 


1. The Angle 
2. The Angle TCA = 


3. The Angle CAP = 


IV 2 00 


4. The Angle A P = 
5. The Angle 
6. The Angle QNK = 


VIZ E>TOLERRO 
Fo 
NN D ZO ZN ανπ]π]ẽ̊ e N 


© 
2 


7. The Angle NK T = 


Pro Ao Pro (SG CY AG AY Poon — 


FH HH HHTTHHIIN 


OZ 
NN Z 


The Sum of all, 9o0 1 37 


15. But ſince the Angles of any Polygon are equal 
to twice the Number of Right Angles that the Figure 
has Sides, abating 4, therefore the dum of the Angles 
of a Heptagon is 14—4'= 10 Xx 9g0* = 900% Hence 
if their Heptagon had been taken on a Plane, it would 
have exceeded the I ruth but by 1 37”; but ſince the 
Figure lay on a convex Surface, the Sum ought to be a 
little more than good. And thence it appears to what 
a ſurpriſing Degree of ExaCtneſs they attained in this 
Undertaking. 3 

16. Now in order to meaſure the Meridian - Lin- 
QM, which lay through the Middle of the Heptagon, 


or rather the Line q m, which was the correct Diſtance | 


between the two Parallels where they made their Aftro- 
nomical Olſervations with a Sector, { whoſe. Accuracy is 
incredible, and of a Structure not here to be deſcribed) 

I ſay, 
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the Caſe of the Celeſtial Globe, the ſe Pro- 


jections are then. call'd the Ce/efti a Hemi- 


ſpheres. 


I ſay, in order to meaſure this Line q m, it was neceſ- 
ſary to begin with ſome Baſe-Line to be firſt of all mea- 
ſured, and then to compute a fundamental Triangle or 
two, for the Grounds of their future Work. | 
17. Thus they pitched on the Diſtance between 
Niemiſby and the Village Poiki, for the Baſe-Line B b, 
becauſe it lay along the River, and could be moſt ac- 
curately meaſured on the Ice. It was meaſured twice 
over, 
Toiſes. Feet. In. 
The firſt Menſuration gave — 9406 5 © 
The ſecond 1 17 4 


The mean Length therefore is 7066 2 
18. Having this Baſe-Line known, they calculated 
the two Triangles AB and A B C, from which they 
found the Diſtance between Avaſaxar and Cuitaperi to be 
8650,04 = AC; from whence they proceeded to find 
the Sides and Angles of all the other Triangles round 
the Figure, as A HC, AH, PQN,CTK, c. 
and from thence having found the Sides AP, PQ, 
NK, K T, TC, they formed the Right-angled Tri- 
angles A EP, AFC, PD Q, CGM, by drawing 
EF, G C, PD, at Right Angles to the Parallels paſ- 
ſing through Q and M, and parallel to the Meridian 
Line QM; and the ſame they did on the other Side the 
Figure, as is there repreſented. 

19. Having thus meaſured the ſeveral Lines, they 
were found as follows: | 


PD= 9350, 45 On the other $ ide, 
AF = 1621%26 : Nd = 13297,88 
AF = 8566, 08 K L = 24995,83 


C G = 22810,62 K g = 1665105 


Total, $4940,39 —— — $494470 


54942439 


Therefore at a Mean the MeridianLineis M 5494257 
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| ſpheres. But with regard to the Terreftrial PI: 
f Globe, they are cenerally made on the anc 


Plane 

20. By very accurate Methods they deduced the mw 
Length of the Line q m = 55020,09 Toiſes, and the ri; | 
till more correct Diſtance qu = 55023,47. But this . 
Diſtance or Arch qu, by the niceſt Aſtronomical Ob- Ts 
ſervations and Corrections, was found to be equal to * 
57 28%667 of a Degree. Therefore as 57 28,67 is Fs 
to 55023,47 Toiles, fo is 60), or 1 Degree, to 5743779 x.” 
Toiſes in one Degree at the Arctic Circle. p # 


21. If therefore from the Length of a Degree here, 
at the Artic 2 on, = — 5$57437,9 
ou ſubduct the Length of a Degree > 
g at Paris, by Picard, 2 5 5692557 


— 


— ES CC 


the Difference will be — — 512,2 Toiſes, 
or 3282,878 Feet of Engliſh Meaſure, | 

22. Heuce, having the Length of a Degree, the Ra. 
dius of Curvature is found- for any Part of the Elliptic 
Meridian, For let R denote that Radius, then it is 
21416 :.1 :: 360 ; 2R :; 180: R; therefore R = 


180 — 189 x 5743739 .= 
; "II or R = 7128 Toiſes, for the Cur- 
vature of the Earth's Surface in the Latitude of 66® 20' at 
Lapland; and in France the Radius of the Earth's Cur- 
vature is R —— 57575 Toiſes; or in Engliſh 
J 

Miles thoſe Radii are K = 3994, and R 3958, 4. 
223. We are now prepared to aſſign the Proportion of 
the Axis of the Earth to the Diameter of the Equator 
"IM from this actual Menſuration ; in order to which we 
* muſt firſt of all premiſe ſome Theorems, which reſult 
| from the Properties of the Ellipſe. Therefore let EP. 
denote the Elliptic Surface of the Earth, Ee the Dia- 
„ meter of the Equator, and CP the Semi-axiz of the 
EXVI. Eurth. Let A 1 be the Radius of Curvature to any 


Fig. 6. Point I of the Ellipſis, I F a Tangent ; and draw H 1 


4110 


. we , T1. TS 
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Plane of the General Meridian or Horizon, 
and then they are commonly call'd Maps 
| 0 


and I D perpendicularto C Pand CE. Take the Arch 
Ii = 1 Degree, and Draw Ai and the Perpendicular i d; 
there A is the Centre of a Circle touching the Ellipfis 
in the Points I, i. The Angle IBE = DIFis the 
Latitude of the Place I. Now put z =C E, « = CP, 
CDS HI, y =D]; and let 1, ?, 5, denote the 
Radius, Tangent, and Secant of the Angle I BD; 
and * n | 
e 


24. Therefore 1\tt + x N, and ſo -I. Theor. J. 

1 5 2 ans Gs = 2% i 
FN 
Hence 3 — =4 %z = p, the Parameter, Theor. III. 
Again | 41:5::9:1F g y. Theor. IV. | 
Alſo ii Theor. V. 
And 4 1 FIBA. Theor, VI. 
. 

And Tf: 1 152 — Theor. VII. 


os Conicy) 8E D x De: DE:: CE»: CP. | 
at is e eee 
Alſo becauſe EZ xx: :: zx: u:: I: 4. Theor, VIII, 


That is 100 C D: C E:: CE: C F, per Conics, 
Nl EE 


I2/z 2 = x* t y x, ora — * x. 
Therefore (9) 131: 4 : % x: 5 r t . Y | 


He — 1 
nce 14% t or = — Theor, IX. 
And alſo b DB. Theor. X. 


Since (14) 160 af -Z = f= ν aH , 
Wherefore 17% g x iTaft, - z + att. Th, XI. 


. 22 2 
Whence alſo 18 Air.! = Dor, XII 


Therefore alſo 199 2 ——T==== Theor, XIII. 


| vr + att 


Becauſe 


300 
of the 


The'Uſe of the G1,opes, 
World : And the ſeveral Circles, and 


Parts of the Surface of one Hemiſphere are 


| Becauſe © 220 
Theref. Conv, 21 
Whence 22 
Alſo we have 23 
Wh. conjointly'24 

Again 25 


Conv. and Inv. 26 
In Species 27 
That is, 28 


Whence(: 5,18) 9 


Whenee alſo 300 — 


Therefore 3 
3 


Whence alſo (32 


For any other : 
Lat. we haye 


Whence it is 13+ 


; 1 


DC: DB:: x: a * :: 1:3: 22: 145 
DO: C B:: 1: 1-4 :: CA: CI. 
e ye; 2.5: 

GI: gI:: BF: DF, becauſeI Gi; FBI. 
GI: BUn BF: DFL x DF. 

GI: B: AI: AB:: BF: DF- DP. 
IB: AI:: B 


D+axDF: BF BD+4DF, 


$ 
„ 1 444 2 ＋ ty. 


＋ 
5 . „„ 60 — 
3 Talt 1445. 
| Fy Bax ex: | 
— — — — . . 
t+at I+att —_— T beor XIV. 
r X 1 + att? r. 
2 —andazz - . T. XV 
33 2 50 2 . * , 
* + "fate | 74 pI tt 
DER = LU, Ther, XVI, 
* af a + a*tt 
LS 
Fo —- 3 2 
ft — — Theor. XVII. 
7 381 4. 4 
4* ar. 
—_ 3 — —— 
* Xzj+att of X 1 + a tt? 
12 2 
. Fa 80 45 
2 5 ö 
r'ss + r*®aitss rs ss r'a ttss, 
2 © 
5 SF—7"SS 
. eas, + Firs VID 


FT herefore laſtly 35) 


2 2 4 
rIttss —17 ttss 


25. From theſe Theorems we can calculate what- 


ever rela 


tes to the Figure and Magnitude of the Earth; 


and firſt to determine the Value of à, or the Ratio of 
* to 12, that is, of CE to CP. In order to this, ws 
have r, s, t, for the Latitude of 60? 20' at Lapland; 


and r, s, 


t, for the Latitude of 40 22“, being the 1 


1 


are 
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o delineated on the ſaid Plane, as they 


would appear thereon to an Eye placed in 
-— 


of the Degree meaſured in France. (See Art. 22.) For 
having r = 3994, and r = 3958,4 ; whence by Loga- 


rithms we have 7. 88 = 593, and r, 5s = 15 $2,9; alſo 


2 . 
7* tt $$= 23090, 1, and r*ttss = 2109: Therefore a 
59,3 __« 


— * == Whence we get z: 4:: 313,22: 309,72 


:CE: CP. Therefore by Menſuration it appears, that 
CE exceeds CPina greater Proportion than that of 


230 to 229, as was obſerved in the Schelium of Arnot. 
> & 4% ay 


26. pul, — W at P; then 8 d: D; 
V a V a | 


— 3 
hence =D, 2d D ; and 


a 
2 d D; therefore 4: D:: 25: . 


* 
27. The Theorem z = CE = 8 8 — (by 
3 4 
Logarithms) equal to 397, 1 Miles; and fo the Dia- 
meter of the Equator is equal to 7942,2 Miles. Whence 


becauſe - =4v=% * = CP = 30926, 2 Miles; 


and ſo the Axis of the Earth is equal to 7852, 4 Miles; 
ſo that the Equatorial Diameter exceeds the Axis by 
89,8 or 90 Miles, which is near three times as much as 
the Theory gave it. See Annot. XXXIV. 36. 

28, In any given Latitude the Radius of Curvature is 

| 433 2 

found by Theorem XIV. via. r ; and be- 
1 + attz | 
cauſe under the Pole P the Angle [BE is a Right one, 


5s and ? will in that Caſe become infinite and equal; 


Lond 
— 


and therefore r = 


| Va 


= 4016,6 Miles, which is the 


greateſt 


30¹ 
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the Pole or Middle Point of the other He- 
miſphere. Hence it will come to paſs, that 
| the 


_ greateſt of all. And under the Equator that Angle va- 


niſhes, and theres = 1, and t o; and fo r =az= 
3881,8 Miles the leaſt of all. | 

29. The Kadius of Convexity being known, we find 
the Length of a Degree in any Latitude by this Ana- 
logy ; As 180: 3,1416 :: r * = the Length of 
the Degree required. Thus under the Equator we have 


351410 


1 X 3881,8 = 674 Miles, for the leaſt Degree; 


and under the Pole we have ED * 4016,6 = 70 55 
Miles, for the greateſt Degree of Latitude: A mean 
Degree therefore is 68, 92 Miles. Thus alſo a Degree 


in the Latitude 497 227 is $1416 x 3858,4 = 69,087 


180 
6 
Miles; and in the Latitude 66® 20/ it is EE. X 


180 
3994, 1 = 69,709 Miles, 
29. If the Length of a Degree be known, the Ra- 
dius of Convexity may be determined, and thence the 


* 2 2 


ria 23 


Latitude of the Place, by Theor. XVII. it = 5-—;—; ; 
| a 2 —ar? 
for if the Tangent of an Angle be known, the Angle 
itſelf, that is, the Latitude, is known alſo. 
31. Hence alſo the Radius of any Parallel of Lati- 
tude may be diſcovered; for, by Theorem XII. HIS CD 


SS =; and 180: 3,1416 :: x : a Degree 


V 1 +att 


of Longitude in the given Parallel. In the Equator 


x =2 ; hence Ser hn X 3971,1 = 69,309 Miles, the 


Length of a Degree in the Equator. 
32. Hence 


Ir 
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the Stars and Conſtellations of the Hemi- 
ſpheres, and the Parts of Land and Water 


Ul 


32. Hence the Circumference of the Earth under the 
Equator is 360 x 60,369 2 24951 Miles. I might now 
proceed to calculate the Surface and Solidity of the Earth 
as a Spheroid; but the Proceſs would be tedious, and 
anſwer no great Purpoſe, enough having been ſaid for 
any Perſon to form a proper Idea of the Magnitude and 
Figure of the Earth. I conclude with obſerving, that 
there is about 23 Miles between the greateſt and leaſt 


Degree of Latitude within the Compaſs of our common 


Charts : gu then, 1f our Theory of Navigation, founded 
upon an Hypotheſis of their being all equal, be not very er- 
roneous ; and if it be not neceſJary to have one corrected ac- 
cording to the foregoing Meaſures ? See my New Treatiſe 
of GEOGRAPHY and NAVIGAT10N lately publiſhed, 
containing new Tables of Meridional Parts and Sea 
Charts, adapted to the Spheroid of the Earth, and fitted 
for Practice; being calculated to every Minute ofa Degree. 


33. A TABLE of Arcs of the Meridian to the Spheroid, in 
inutes of the Equator. By the Rev. Mr. Murdoch. 
5 — 


* Spheroid. | Sphere. Pi. 2: rnd. Sphere. Diff. | 
i] 38.7 an 1.3 

ol 247.8 hoes Sad 

4 176.0 e Pratt 

4 234-7] 2490] 5.3 763.3 

5] 293.4 300.9] 6.6 822.1 

6 352.1] 360. E | "$80.9 

7 410.8] 420.0 2 939.7 

8| 469.6 480. o 10.4 17 998.5 1020.00 21.5 
9 528.3 540-0 5 * 1057.4 82.20 
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in the Maps are not repreſented in thei 
natural and juſt Diſtances, and in their due 


Magnitudes 

5 75 ö — Sphere. Dif. jw . Spbere. ;, Diff © 

7 1116.3; 1140.01 23.7] 139 2299.2\ 2340. 40.8 
20 1178201200. 24 8 68 2358.7 2400.0) 41.3 
a1] 1234.1 r260.of 25.9 41] 2418.2) 2460.0/41.8f 
5 8 1320. W 42 22777 2520700 42:3 
eee eee 
8.0 29.0 6 2596 8 e 4352 
26 1529.0 1560.0] 31.0] [46] 2710.4] 2760.0] 43.6 
[7 1588.1 1620 ol 31.9 17 2776.2 . 
75 1647.2 1685. 32.8 48] 2835.9, 2886, 0] 44-1 
5 1706.3 1740.0 33.7] [49 2895.5 2940. 44. 
0 7785.8 1800.0 34-5] 50 2955.3 000.0) 44.7 
57 1824.7; 1860. 035. 3 [5 zorg 2 3060.0) 44.8 
ide deg] 
33 1963-1 1980.0 36.9 $31 3135-0 3780.6 450 
72 2049 0 37.6 7 3194-9 3240.0) 45.1 
P 2001.7 Oe oe eu © 3254.0 1300 0/ 45.1 
306 2121.0 2160.0 39.0 50 331449 27889 
37 2180.4 22 039% 57 3370 43 $30 
38! 2239.8 2280.0 40 2| 3935-1 2489 91443 ö 


„„ 
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Magnitudes and Forms, as on the Globes 
themſelves : Yet moſt of the Problems of 
cither Globe are performable on theſe arti- 
ficial Projections, by thoſe who underſtand 
their Nature and Uſe, But theſe Things 


will be beſt underſtood from a View of 


eeepc. | Dif. | (D: ict Spheres | Df 


| b 


* 
59] 3495-2] 3540-0 44-8] 75 4460.8 45000 39-2 
60 


3555-3] 3600 0| 44+7] [701 4521-3| 4560.0] 38.7 


617 3615-71 3660.0 044-5 77] 4581. 4620.9|38.1 


| n— — 


] | 
— — 


— 


| — 
02 3075-7] 3720-0 O 14. 3 578 4642.5 4680. 37+5 


— EEIn DIY ———— -l— ——_————— 


03] 3736.0] 3780.0 me o 4703.1 4740. 36.9 


64 3706. 3840.o| 43-8] 180 4703-7 4800. 36.34 


65] 38 56. 5| 3900.0 43-5] [31] 4824-3] 4860.0] 35.7 


— — — ah —— 


66] 3916:8} 2960.0 43-2] 82 4384-9 4926.0 JF ol 


| 
| 
| 
| 


—  — 


— 


671 3977.2 $020. 42.8 83] 4945-5 850 34-5 


— — n — — —1 — — — 


68 4037. 5] 4980. 42.5] 1844 5006. 2 5040. o 31.8 8 


— — a 


60 4097.9] 4140.0] 42.1 33 9066.8 5100. 0 33.2 


70] 4158.4] 4200.0] 41.6] 486 5127. 5160.0] 32.5 


U 4218.8 8 87] 5188.2] 5220. 0131.8 


| 4320. 


—_Y 
— 
4. 
ta 
— 
\O 
2 


40.7 [$8] 5248.5] 5280.00 31.2 
73 4339.80 4380.0 40.2 139] 5399.,| 5340-0] 30.5 


| N 


[74 4400.3 4440. 0 39.7 go 5370. 2 5400. ol 29. 8] 


Vor. III. 25 thoſe 
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thoſe Prints, and a Specimen of the Praxis 
of their Uſe (CXLIX). 


(CXLIX.) 1. The Solution of moſt of theſe Geo. 
GRAPHICAL PROBLEMS may be performed by a Trige- 
nometrical Calculation, as is evident from the Original Di- 
agram we before made uſe of for the Solution of A/?ro- 
nomical Problems. Thus if A and Z be any two Places 


on the Surface of the Globe, then in the Triangle AZ N 


we have 
Z N the Co-Latitude of the Place Z. 
AN the Co-Latitude of the Place A. 
Z A the Diſtance of the Places A and Z from one 
another. | 
ZN A the Difference of Longitude, 
AZ N the Angle of Poſition or Bearing of A 


from Z. 
ZAN the Angle of Poſition or Bearing of Z 
from A. | 


2. After the ſame Manner may Problems of Nay1- 
GATION be ſolved; and indeed the only true and na- 
tural Way of SAILING is upon the Arch of a Great 
Circle, which gives the neareſt Diſtance between any two 
Places on the Surface of the Globe; and therefore the 
nearer a Ship keeps to the Arch of a Great Circle, the 
ſhorter will her Way or Paſſage be from one Place to 
another. Thus in the ſame 'I riangle ZN A, if it be 
propoſed to fail from Z to A, the Ship ought to\be di- 


"rected upon the Arch Z A. But in order to be ac- 


quainted with this Method of Sailing, the Doctrine of 
the Sphere muſt be well underſtood ; therefore I ſhall 
refer the Reader who deſires it, to Vol. II. of my Young 
Trigonometer's Guide. | | 

3. However, I ſhall here ſubjoin the Philgſophical 
Principles of all Kinds of Geographical and Nautical 


| Maps and CHARTS: And firſt 1 ſhall ſhew the Nature 


of what is call'd the ORkTHoGR APHIC PROJECTION of 
the SPHERE, Let ABDE be the Primitive Circle, or 
Plane of the Projection, which we may ſuppoſe to be a 
Meridian; and let AE D bea Great Circle elevated 

$6 -*- uboye 


—— —- - — — 2 —A—é — 
* 


/ 
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bove the Plane in any Angle BAE. Suppoſe this 
ircle to be projected on the Plane into the Curve 
F D, by Perpendiculars paſſing through every Point 
hereof ; it is required to find the Nature of the pro- 
eted Curve AFD. ; 

4. In order to«his, let EF and I G be two Perpen- 
Jiculars ; draw Gr | parallel to C E, and HI parallel to 
F, and Gy to CI; and from g let fall the Perpendi- 
ular g %; then is the Right-angled Triangle G HI 
qual and ſimilar togh C, and g hb C is ſimilar to EF C. 
/ herefore putting AC=EC =a, CI x, GI = 
E =b, and HI = y; then by the Property of the 
zircle we have AT x ID = GP, that is, yy = aa 


xx andy = V — © = Gl; but GI: HI: 
C (::) EC: FC, that is, y:y::a: b; there- 
ti & „„ | 
ore 7 — — 4 a* — , which ſhews the Curve 
\FD to be an Ellipſe, whoſe Semi-axes are A C and 
F. 
5. Hence the Circles of a Sphere viewed at an infi- 
ite Diſtance are projected into Eliipſes. Thus the 
ircle of Illumination on the Diſk of the Moon is an 
llipſis, as obſerved Annot, CXXXV. 23. Thus alſo 
Sphere ſet in the Sun-Beams will have its Circles all 
projected into Elliptic Shadows. And hence it is we 
onſtruct the ORTHOGR APHIC PROJECTION, call'd the 
\NALEMMA ; which ſee in my fore-cited Book. 
6. Now becauſe CE: C F:: Radius: Co-fine of 
CF, it appears that the Semidiameter CE of eve 
ircle is projected into the Co- ſine F C of its Elevation 
above the Plane of Projection. Hence allo it appears, 
hat in this Projection the ſame Number of Degrees in 
a Right Circle, as B CE, will be projected into very 
lifferent Portions of the Diameter of the Plane B E. 
hus 10 Degrees from'the Pole of the Primitive will 
de projected into the Arch CK, but 10 Degrees from 
he Periphery will be projected into E M. But CK is 
o E Mas the Right Sine of 10 Degrees to the Verſed 
dine of the ſame; that is, as 1736 to 152, or nearly 
$12 toi. Hence the Reaſon why the Spots in the 
zun appear to move ſo much faſter over the Middle Parts 
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of the Diſk than on the Outſide, and why their Motion 
is always unequal ; with other Phænomena of the like 
Nature. 

7. The STEREOGRAPHIC PRoJjtEcTION of the 
SPHERE is that on which our Maps are commonly 


made, and depends on this Principle, That if the Plane 


of any Meridian be ſuppoſed the Plane of the Projection, 
then an Eye placed in one Pole of that Meridian will pro- 
ject all the Circles in the oppoſite Hemiſphere into cir- 
cular Arches on the ſaid Plane. Thus let AG DE be any 
Meridian; then the Diameter A D, dividing it into the 
upper and nearer Hemiſphere, is called the Line 
Meaſures; and an Eye placed at the Pole E will project 
every Point B, F, G, in the oppoſite Semicircle into the 
Points H, I, C, into the Line of Meaſures AD, by the 
Viſual Rays EB, E F, EG. 

8. Hence if the Arch AB =FG = 10 Degrees, 
then will their Repreſentatives in the Line of Meaſures 
be AH and IC; and the Points H and I are thoſe 
through which the Circles of 10 Degrees and of 80 
Degrees do pals in Projection, viz. the Circles G H E 
and GI E, as is evident from conſidering the Figure. 
Hence the Reaſon why the Meridians do all lie nearer 
to each other in the middle Parts of the Map than on 
the Outſides; and conſequently, why the ſeveral Parts 
of the Earth cannot be duly repreſented on ſuch Maps, 
either in reſpect of Magnitude or Poſition. | 

9. On E as a Centre deſcribe the Arch CM, an 


draw the Line EK; the Arch G K will be projected 


| Into the Line CL, which is the Tangent of the Angle 


CEL. But the Angle CEL is ehual to half the 
Angle G CK, or Arch G K; therefore any Arch G K 
is projected into a Line CL equal to the Tangent 
of half that Arch. Hence the Line CD is called 
——_— of Half-Tangents in reſpe& to the Quadrant 

10. On this Projection are uſually made all the Maps 
of the World in two Hemiſpheres. There is alſo another 
call'd the GLOBULAR PROJECTION, wherein all the Me- 
ridians are equally diſtant, as they are on the Globe 
itſelf. They are circular Arches here, as in thelaſt Pro- 
jection, and are drawn after the ſame Manner, but are 


not 
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not projected by the Eye on the Surface as they are. 
By this Sort of Maps the ſeveral Parts of the Earth have 
their proper Proportion of Magnitude, Diſtance, and 


Situation afhgned nearly as on the Globe itſelf. As Plate 
this Sort of Map is for that Reaſon very uſeful, and LXXII. 


not common, I have given one here for the Reader's 
Uſe, corrected from the lateſt Obſervations. I have 
alſo juſt publiſhed a New PLANISPHERE on the Globu- 
lar Projection, with the Solution of Geographical and 
Aſtronomical Problems thereby. 

11. Beſides the foregoing, there is another very uſe- 
ful Projection, generally made uſe of for Charts, and 
ſometimes for Maps; it goes by the Name of MERCA- 
Tok's PROJECTION, but was firſt invented by Mr. 
Wright long before. In this the Meridiars and Paral- 
lels are ſtraight Lines, and the former equidiſtant from 
each other. Hence in this Way the Degrees of Lon- 
gitude in every Parallel are the ſame, and equal to thoſe 
in the Equator ; alſo the Degrees of Latitude are all 
unequal ; both which are contrary to what they are on 
the Globe. Therefore Maps of this Sort do not exhibit 
the true Dimenſions or Proportions of the ſeveral Parts 
of the Earth ; however, they are very uſeful on divers 
Accounts; and that which I have given from Dr. 
2 to illuſtrate the Account of the Winds is of this 

ind, | 

12. But the greateſt Uſe of this Projection is in SAIL- 


J ING; I ſhall here therefore ſhew how it is conſtructed 
in the following Manner. Let AB be an Arch of the plate 
Equator contained between any two Meridians AP, LXVIII 


Fig. 2. 


BP, meeting in the Pole P of the Sphere whoſe Centre 
is C. Upon the Points A and B let there be erected 
the Perpendiculars AH and BI, and let D E repreſent 
an Arch of any Parallel between the ſame Meridians ; 
draw CA and CB, KD and K E perpendicular to PC; 
through D and E draw CF, CG, and join F G; laſtly, 
let fall the Perpendicular DL. 

13. Now the Arch A B in the Equator is to the ſimi- 
lar Arch of the Parallel D E as AC to D K, or as Ra- 
dius to the Co- ſine of the Latitude AD. Suppoſe now 
tne Meridians AP, BP, to be in part projected into 
me Perpendiculars A H and BI; then will the Arch 

X 3 DE 


3 10 


Plate 
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DE be projected into FG = AB; but in this Ciſe 
D E, the natural Length of the Arch, is to F G its pro- 
tracted Length, as the Radius CD to the Secant C of 
the Latitude, or as the Co-ſine L C to the Radius CD; 
Ses pe: Le. 

14. But in whatever Proportion the Degrees of any 
Parallel are increaſed or diminiſhed by a Projection in 
Plano, in the ſame Ratio ought the Degrees of Latitude 
alſo to be increaſed or diminiſhed ; otherwiſe the true 
Bearing and Diſtances af Places would be loſt, as in the 
Caſe of the Plain Chart, where the Degrees of Latitude 
are all equal. The Degrees, therefore, of Latitude in 
Mercator's Chart increaſe in Proportion of the Secant of 
the Latitude to the Radius. 

15. But that the Reader may ſee how ſuch a Meri- 
dian is projected, let RC H be a Quadrant of the Primi- 


LXVIIL tive Circle, and R Q a Diameter; draw Q S; then will 


Fig. 3: 


Fig. 4. 


the Arch SH be projected into HT, and RS into Al; 
but AT is the Tangent of ERS (by Art. .). Let ST 
and CI be perpendicular to AH, and draw the Tan- 
gent SV, CK, to the Points S and C mceting AH 
produced in V and K. And let HI = x, HS = 2, and 
AH = ts 

15. Then becauſe AT:AH::AH:AV, it is 
AT xXx AV = AH“: for the ſame Reaſon it is AI x 
AK = AH: = AT AV. Wherefore AV: AK 


: AI: AT (= 8B) :: QI: QS. Let Q be drawn 


infinitely near to Q, then Ss ==, and If &; and 
becauſe the Angle AI Q = T IS ISV Q 5 S, 
therefore the "I riangles QIz and QS s are (in their naſ- 
cent State) ſimilar, and therefore QI: QS :: 17 :S5:: 
4 ;: AV: AK; conſequenty, it is AVS 2 2 
AK &&. | 

17. But AK Xx & is the Fluxionary Rectangle of 
what is called a Figure of Secants, which may be thus 
explained. Let R C H be a Quadrant as before, H C 
an Arch, of which let the Secant be equal to I'N rightly 
applied as an Ordinate to the Abſciſs HI = x; and if 
this be conceived to be done for every Point in the Qua- 
drant, we ſhall have a Curve BNP deſeribed by the 
Point N, which appears to be a refangular Hyperbola 


* 


by complcating the Square A B. Now drawing in in- 
. | | finitely 
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finitely near I N, we ſhall haveIN x ;n =IN x + 
(=ARK Xx a) = Fluxion of the Area I H B N, which 
is compoſed of all the Secants belonging to the Arch 
H C, and is therefore called a Figure of Secants. 

18. Now the Fluxion of the Area I HBN is to the 
Fluxion of the Rectangle IHE Das IN A to I D x 
5, that is, as I N to l D= AR, viz. as the Secant to 
the Radius, Therefore the Areas themſelves are in the 


ſame Ratio; that is, the Area HB: R Xx x:: S: R:: 


Z: z, ſuppoſing Z repreſents the Arch 2 protracted. 
In the ſame Manner it is ſhewn, that the Fluent or Area 
belonging to the Fluxion AV > = is to R x z aS Z : 
2 ; but this latter Fluent of AV X = is equal to the 
Area TH BN, becauſe their Fluxions are equal (by 
Art. 16.). Therefore 1 HB N: RX 2 :: Z: 23 con- 
ſequently, IH BN x z=R Xx z X Z; whence I H 
B N = Z whenR = 1. | 

19. But the hyperbolical Area INBH is the Loga- 
rithm or Meaſure of the Ratio of A H to Al, that is, 
4 

1— FX 
plement of z. But any Hyperbolical Logarithm is to the 
Tabular Logarithm of the ſame Ratio, as 2, 302585, 


= — ſuppoſing t = "Tangent of Z the Com- 


Sc. to i; therefore the Tabular Logarithm of — * 


2,302585 = I'INBH = Z gives the Length of the 
protracted Meridional Arch, anſwering to the Natural 
Arch z or HS. 

20. Therefore, if A and à denote a greater and a 
Leiler Arch, beginning from the Equator, then the 


Length of their Difference A à will be 2 — 


1 
255, or 2,302585 * ＋ 3 2, 302585 X 
t— 1. That is, From the Tabular Logarithm 2 the 
Tangent of A the Complement of the «of Arch a, ſubduct 
that of the Tangent of the Greater Arch A; the Difference 
multiplied by 2, 302 58 5 will give the Meridional Parts of 
the Arch A — a. 


21. As I am upon a Subject of this Nature, it will 


þe proper to obſerve, that ſince the Ship's Courſe is or 
X 4 ought 
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The Ve of be Gros. 


ought to be upon a Rhumb-Line, which makes cqual 


Angles with every Meridian, therefore the Differences, 


of Longitude will be the Logarithms of the Pangents 
of the Half-Complements of the Latitudes, as may be 
thus ſhewn. Let A Q be a Quadrant of the Equator, 
P the Pole of the World; P, PA, PB, Sc. the fe- 
veral Meridians projected in Plano, and A a c, &c. the 


Rhumb-Line making equal Angles, Æ 4 A, E B, &c, 


with every Meridian. 8 
22. Then if we make E A= AB = B = BC, c. 
and very ſmall, then may the 'I'riangles A P a, 2 Pb, 


P c, &c. be eſteemed rectilineal, and will be ſimilar ; 


and therefore P: PA:: Pa: PC:: PO: Pc, and ſo 
on. Now if & A expound the Ratio of a P to & P, then 
becauſe the Ratio of b P to P is double the Ratio of a P 
toP A, and ZP = 2 A, therefore Æ B will expound 
tie Ratio of 6P to P. Again, becauſe cP; AP 


= 3 x aP: P, and ECS 3 A A, therefore Æ C 
expounds the Ratio of c P to P; and fo of the reſt. 
23. Therefore the Arches A, A B, A C, Ce. 
are the Logarithms of 4 P, b P, cP, c. in reſpect of 
P A. But XK A, & E, @c. are the Differences of Lon- 
gitude made in failing from A to a, or b, &c. ; and 
aP, bP, &c. are Tangents of half the Complements 
of the Latitude A a Bb, &c. (See Art. g.). Therefore 
the Differences of Longitude in failing on any Rhumb are 
the Logarithms of the Tangents of the Half-Qo- Latitudes, 
24. Hence the Rhumb-Line has acquired the Name 
of the Logarithmic Spiral. Hence allo it follows, that any 
Toble of Logarithmic Tangents is a _— the Differences 
of Longitude on ſome Rhumnb or other. T hus the Tabular 
ogarithms of 'I angents in preſent Uſe are Differences of 
Longitude on that Rhumb which makes an Angle of 


51 38' 9”; and the Rhumb which makes an Angle of 


71* 1 42, is the ſame for Neper's Logarithmic Tan- 
gents. 'T hey who would ſee the Demonſtration of this, 
as alſo how a Table of Meridional Parts is from hence 
conſtructed, and likewiſe how all the Problems of Na- 
vigation may be ſolved by the common Table of Loga- 
rithmic Tangents only, may confult my LoGARITH- 
MOLOGIA. dee allo Philoſophical Tranſactions, Ne 219, 
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where the Theory is given at large by its Inventor Dr, 
Halley. | 
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25. I have here added a Table of Meridional Parts, 
calculated for the Oblate Spheroid by the Rev. Mr, 
Murdech, in his new and learned Treatiſe of Mercator's 
Sailing applied to the true Figure of the Earth, The 
Errors of the common Spherical Projections are not ſo 
very ſmall in many Caſes, as to be inconſiderable and 
not dangerous. For inſtance, if a Ship fails from South 
Latitude 255 to North Latitude 30% and the Angle of 
the Courſe be 43? ; then the Difference of Longitude 
by the common Table would be 3206 exceeding the 
true Difference 3141 by 65 or Miles. Alſo the Diſ- 
tance ſailed would be 4512, exceeding the true Dif. 
tance 4423, by 89' or Miles; which Differences are 
too great to be neglected. For other Inſtances of ſuch 
a Correction of the Charts, I refer to the Author above- 
mentioned. See alſo my New Treatife of GEoGRapay 


and NAVIGATION lately publiſhed, 


26. A TABLE of Meridional Parts to the Spheraid and 
Sphere, with their Differences. 


— 


2 Ne Dip 5 Pheroid:| Sphere. Dif. | 
| 1] 58.7] 60.0] 1.3] | gf 530.4 $42-2| 11.8 
* 117.3] 120.0 2.7 10 589.9 603.0 7 
J 17 649.7, 664-1] 14.4 
| 4| 234 9 240.2 5˙3 12 759.6 725-3] 15-7 
'$| 293.8] 300.4] 6.6) [13] 769.8] 786.8|17.0 
| 6] 352.7] 360-6] 7.9, [14] 830.s] $485] 18.3 
EE 87 51e. 16 951.8] 972.7) 20.9) 
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0 | Sphere. 
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APPENDIX I. 


CONTAINING A 


Phyfico- Mathematical Theory 


O F 
Lux AR Motions and Irregularities 
o F THE 


MoT1on of the EARTRH'Ss Axis, 


AND 


Parcgss10N of the Equinoxss ; 


AND THE 


Computation of the QUANTITY of Matter, 
DEkNSsIT Y, WEIGHT of BoprEs, &c. 


On the Surrace of the 


SUN, EARTH, JUPITER, and SATURN. 


— 
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A S the Subjects treated of in the enſuing 
Appendix could not well be brought into 
the Body of the Book among the Annotations, 
and are the moſt important Part of the New- 
tonian Philoſophy, they could not on any Ac- 
count be omitted, and therefore I have here 
annexed them, to complete a Syſtem of that 
Science. And I have taken ſuch a Method as 
I hope will be found not only more natural and 
conciſe, but much more adapted to render 
thoſe difficult and intricate Ideas eaſy to be 
apprehended by the intelligent Reader. 


FFF 
1. c H E Motion of the Moon abou; 


the Earth is ſimilar to that of 
the Waters of the Ocean revolving about 


the Earth's Centre. To ſhew this, ſome 


Things muſt be premiſed ; as, firſt, That 
the Attraction of the Earth upon any Par- 
ticle of Water is the ſame as it would be, 


were the; fame Quantity of Matter con- plate 
trafted into a Point in its Centre. For let Fin G 


AB GO be the Earth, C its Centre, P a 
Particle at any Diſtance P A from its Sur- 
face; let PG be drawn through P and C, 
and B O the Diameter of any Circle BD 
O E, or Section of the _ perpendicu- 
Jar to the Axis PG. 

2. Now put PN BP.= x; then 
PB —PN'=x* - = BN, which is 
as the Area of the Circle BDO E; the at- 
trading Force whereof is 2x *, and is pro- 
portional to the Quantity of Matter or 
Number of Particles which act on the Cor- 
puſcle P in the Periphery of the Area, and 


in 
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in Directions fimilar to PB. And fince 


the Force of Attraction is as the Number 
of Particles (2 &) multiplied by the 
Force of each Particle, which is as ſome 


Power (u) of the Diſtance (x), therefore 


2 * X * = 2*x* ＋ will be as the whole 
or abſolute Force of theſe Particles, that 
is, in the Directions PB. 

3. Bur the Force repreſented by PB is 
reſewable into two Forces PN and BN, of 


which the former only cauſes the Corpuſele 


at P to app . ou Sphere. Therefore 
as PB: PN: :: 2 * ＋ 1: 2 a x, 
the Force wich AN the Particle at P is 
attracted in the Direction PN; the F luent 


2 4a x" 4 . 
N (when corrected) is the 


whole Force of all the Particles in the Area 
of the Section B D O E, to attract the Cor- 
2255 P in the Direction PC. 

I fay, the Fluent 2 — muſt be 


I 
I for it is at preſent too great ; 


of whi ich — 


becauſe when the Area of the Section be- 


comes a Point, or x = a, then this Fluent 

"DE. © a i nd © . | 

has the Value = _ -»whichtherefore mult 
n +1 


be deducted from the General Fluent 


2 A KX 


— 0 


j 
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24x ＋ 20x% + ==201 +3 
JED and che 3 


ar- . _ PN x PB. TEN - 
eee . 
will be as the Forces of any circular Areas 
B D O E attracting the Corpuſcle P in the 

Direction of its Axis PC. 
. Now ſince in Natural Bodies this 


Power in any fingle Particle is inverſely as 
the Squares of the Diſtance, therefore n = 


— 2, and fo the above Expreſſion of the 


4. 
PB 
6. Now if we put AC r, PAS c, PC 


r PB Na, and PN =y; 
then AG AN = 271 * c = AO, and 


Force will become I = — 


PA +AO+2PAXAN= (cch+zry 
210+ 200) — 2cc=) PO =& + 2cx 


+ *. Hence27 }+2cy=2&f+2rc+2cx 
2cxa+x* cb + 2 cx+x* 
2c +2r 9 

(becauſe b = 2 r + 2c). And „ the 
Force of Attraction in the circular Plane 
whoſe Diameter is B O is 1 — ß — 
ch+2cx+x _ arg + if we multi- 

ch+bx bxc+x? 


Vor. III. = - ply 


+ , and y = © + 
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ply this by the Fluxion of the Diſtance, vix. 


| 

2 — , we ſhall have 5 =o : 
whoſe Fluent —— 72 , is proportional to : 
the Attraction of any Segment BOA of l 
the Globe upon the Particle P. | 
7. HENcR, when x = 27, _ Expreſ- a 
e 

ſion will become 36] or ſimply g. F ; , for the ; 
Attraction of the whole Globe. Whence it ] 
appears, that the attractive Forces of ſpherical 


Bodies are to one another in a Ratio compounded 

of” the Quantities of Matter directly, and as t 
the Squares of the Diſtances from their Centres c 

inverſely. And therefore fince the Number a 
of Particles only, and their Diſtance from t 
the Centre enter the Expreſſion of the Force, T 
it is plain the Effect will be the fame upon b 
a Corpuſcle P placed any where without the a 


Surface of the Globe, as if the whole Maſs i 
= of Matter were contracted into a Point at its t 
a Centre. 2. E. D. n 
. 8. To apply this: If all the Matter of 1 
the Earth were contraſted into the Centre, 8 

and the Waters of the Ocean were to con- 
tinue their diurnal Rotation the ſame ag t 


they now do, they would then be affected 0 


in the ſame Manner by the Earth and It 
Moon 
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Moon as they now are, and have all the 
ſame Phænomena. And therefore if a 


Body, inſtead of revolving at the Diſtance 


of the Earth's Surface about its Centre, 


were to revolve at the Diſtance of the 


Moon, every Thing would happen in a ſimi- 
lar Manner, and the Effets of the Earth 
and Sun in diſturbing the Motion of the 
Satellite would be like thoſe which are pro- 


duced in the Motion of the Water by the. 


Earth and Moon, but only in a leſs De- 


gree. 


9. ANOTHER Thing to be premiſed is, 
that the Moon revolves not about the Centre 
of the Earth as the Centre of its Motion; 


and therefore in order to conſider its Mo- 
tion in the beſt Manner, we muſt deter- 
mine the Diſtance to which the Moon muſt 
be removed from the Centre of the Earth 
at reſt, (and conſidered as the Centre of 
its Motion) that it may revolve about it in 
the ſame periodical Time that it takes up 


now, together with the Earth, in revolv- 


ing ale the common Centre of Gravity. 
See Annot. XXX VI. 

10, IN order to this, let D be the Diſ- 
tance of the Moon from the common Centre 
of Gravity, and d that of the Earth from 
it; then will D + d be the Diſtance of the 

TS Ei Moon 
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M. oon from the Earth, which, at a Mean, 
is 601 Semidiameters. Now let x = Dis- 
tance required; then becauſe the attracting 


Forces (F and f) in any two different Diſ- 


tances are as the Squares of 1 Diſtances 
inverſely, we have F : f:: *: D + D + 0. 


: - Again, becauſe the Periodical 58 is given, 


or the ſame in both Caſes, we have the 
Forces proportional to the Diſtances from 
the Centres of Motion; (See Annot. XXXIV.) 
therefore F: f:: D: x. Conſequently D: 


. :D+4, therefore x* = D + d x D; 


Plate 


and d multiplying by D + d, we have x* X 
D+d=D+# D; whenceD +d:D:: 
DTA: i; therefore ID „5 D:: 


＋ d: x. But D+d : D :: the Quantity 
of Matter in the Earth and Moon toge- 
ther: the Quantity of Matter in the Earth 
alone ; that is, as 40,31 to 39,31. Whence 


Ve, 37: V r 60, 5 : 60 S x, the 
Diſtance at which the Moon would revolve 


about the Earth at reſt in the ſame Time it 
now does. 


11. TükEsz Things oremiſed, let S be the 


LXVII. Sun, T the Earth, and P a Satellite revoly- 
Fig. 7. ing about it, and let S K be the Mean Dil- 
tance of the Satellite or Moon from the 
Sun; and expound the accelerative Force 


by 
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by which it is attracted towards the Sun 8. 
And take SL: S K:: 8 ?: SP, and 81: 
Sk::S' k: Sp*; then ſhall S L, or SJ, ex- 
pound the accelerative Attraction in any 
Diſtance of the Satellite S P or Sp. That 
is, the Force at P is to the Force at þ as 
S L is to 81; for SE = Sh, and SK” = 
SL x SP* =S/ x Sp'; therefore SL: SJ :: 


8 : SP. 
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12. JoiN PT and 5 T. and draw paral- pia 
lel thereto the Lines LM and / m, meeting LXVIII. 
ST in M and m. And the Attraction S L, Fig. 8. 


81, is reſolvable into two others S M and . 


LM, and Sm and Im. Hence the Body 
P is urged with a Threefold Force, vix. 
(1.) That by which it is attracted or tends 


towards T, arifing from the mutual At- 
traction of the Bodies T and P. (2.) The 


Force LM, or / m, by which it is likewiſe 
urged towards T. (3.) The Force 8 M, 
Sm, by which it is urged towards 8, or 
attracted in Directions always parallel to 

8 T. | 
13. By the firſt of theſe Forces the Sa- 
tellite ought to deſcribe an Ellipſis about T 
in one of its Foci, and therefore Areas pro- 
portional to the Time, as is evident from 
what was demonſtrated in Annotat. CXL. 
This is upon Suppoſition the Body T was 
> - 28 fixed; 


* 
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| fixed; but the Caſe is the fame, ſuppoſing 


it moveable with the Body P about a com- 
mon Centre (which is really the Caſe of 


the Earth and Moen) as Sir Iſaac Newton 


has ſhewn in Theor. xx. and Xx1. Lib. 1. of 


the Principia. 


14. THz ſecond Force L M. as it con- 
ſpires to impel the Body in the Direction 
PT, is to be added to the former, and 
cauſes that the Body ſhall ſtill deſcribe 
Areas proportional to the Time. But becauſe 


this Force is not in the inverſe Ratio of 


the Square of the Diſtance, it will, com- 
pounded with the former, cauſe the Curve 
which the Satellite deſcribes to deviate from 
an Elliptic Form, and the more ſo, ceteris 
paribus, the greater the Proportion is which 
this Force bears to the former. Theſe 
Forces LM, Im, have been ſhewn (Annot. 


PT - 
LXXXIV. 9.) to be as 55; and $7 an d 


therefore :ncreals and decreaſe with the 


Diſtance PT or p T. 
15. LasTLY, the third rice SM im- 


pelling the Body P in Directions parallel to 


T's, will compound a Force with the for- 


mer two, that is not directed from P to T, 
and ſo will cauſe that the Body P ſhall no 


longer deſcribe Areas Proportional to the Times 


(as 
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(as we have ſhewn). It will alſo augment 
the Aberration of the Orbit from an El- 
liptic Form, on a double Account, viz. both 
becauſe it is not directed from P to T', and 
alſo becauſe it is not inverſely as the Square 


of the Diſtance PT. For the Forces 8 M 
I 1 3”s | 
1 Ib F SS": SP". Theſe 
Errors therefore are leaſt of all when the 
ſecond and third Forces (eſpecially the 
third) are fo, the firſt Force remaining the 
lame. | | | | 
16. LET SN expound the Force by 
which the Body T is accelerated towards 
S; then if the Forces SM and SN are 
equal, they, by attracting the Bodies T and 
P equally, and in parallel Lines, will cauſe 
no Alteration in their Site or Poſitions in 
reſpect of each other. But when the Force 
SM is greater, or S mlefler than the Force 
SN, the Difference NM, or N m, will be 
that alone by which the Proportionality of 
the Times and Areas, and alſo the Elliptic | 
Form of the Orbit, will be diſturbed. Hence 
when N M or N m 1s nothing, or leaſt of 
all, the aforeſaid Perturbations will vaniſh, 
| that 1s, when the Body P is nearly in the 
| Points C and D of its Orbit. 
17. Wx have hitherto ſuppoſed the Body plate 
7 P revolving about T in the fame Plane LXVIII. 
| Y 4 with 8.9 
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with S; let us now ſuppoſe it to revolve in 
a different Plane, and let the Semi-Orbit 


CAD be above, and CDB below the 


Plane, in which are the Bodies S and T. 
In this Caſe the Force LM will have the 


ſame Effect as before, viz. will only tend 


or impel the Body P from P to T. But the 
other Force NM, by acting in a Direction 
parallel to 8 T, and therefore (when the 
Body P 1s not in the Nodes C, D,) inclined 
to the Plane of the Orbit P AB, will, be- 
ſides the above-mentioned Error in Longi- 
tude, induce an Error in Latitude, or diſturb 
the Inchnation of the Orbit. 


18. For let P q be drawn parallel to 


NM, and let Pp be the Space through 


which the Satellite P would move in its 
Orbit in a ſmall Particle of Time, excluſive 
of the Force NM ; and by the Force N M 
alone ſuppoſe it in the ſame Time moved 
through the Space Pr; then compleating 
the Parallelogram Prop, and drawing the 
Diagonal P 5s, that will repreſent the real 


Motion, and 5 the true Place of the Satellite 


at the End of the ſaid Time : But *tis evi- 
dent the Lineola P is not in the Plane of 


the Orbit C AD. 


19. HENCE it follows, that by the Force 
NM the Body P will be accelerated in its 


Motion 
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Motion from C to A, and from D to B, Ws 
and retarded as it paſſes from A to D, and Li} | 
from B to C. For let P q be drawn paral- - Wy 
lel to N M, and expound that Force, then if 


continuing TP to , and drawing qr per- 

pendicular thereto, the Force P q becomes 

refolved into the two Forces P and vg; 

of which the former, acting in the Direc- 

tion PT, does not diſturb the Planet's Mo- 

tion in Longitude, nor the equable Deſcrip- 

tion of Areas ; but the other Part r q, act- 

ing 1n the Direction 9, conſpires with the 

Motion of the Satellite P in its Orbit, (as 

being parallel to the Tangent a 6) and there- 

fore accelerates its Motion in Longitude- 

By the ſame Way of Reaſoning, by making bn 

the like Conſtruction en A and D it LXIX. 

will appear that the Motion of the Satel- Fig. 1. Wl 

lite will be there retarded, the Force 14 1 

being on that Side in a contrary Direction. 4 
20. AGAIN, as the Flanet paſtes from 1 

D to B, it will be again accelerated; for 1 

let ps here expreſs the Force N m, with 

is now Negative, or acts in a contrary Direc- 

tion to the former NM, that is, from 5 

tos, ſuppoſing þ s parallel to N m; for then 

t s conſpires with the Motion of the Planet 

in the Direction of the Tangent c d. In 
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' retarded in going from B to C, by the con- 
trary Direction of 75. 

21. Hexceg alſo it appears, that fince 
the Body P is conſtantly accelerated from 
C to A, and from D to B, the Velocity of 
the Satellite will be greater in the Points A 
and B (ceteris paribus) than in the Points 
C and D. 

22. The Orbit alſo will (caters paribus) 
be more convex in C and D than in the 
Points A and B; for the ſwifter Bodies 
move, the leſs they defle& from a Right- 
Lane Courſe in a given Time, Moreover, 
in the Points A and B, the Force LM and 
NM are directly contrary to each other, 
and their Difference NM — LM = KL, 
will be as the Force which draws the Body 
from T towards 8; and ſince this Force 
K Lis greater when the Body is at A, than 
when at C or D, the Body will there be leſs 
urged towards T, and ſo will leſs deflect 
from a Right-Line. The ſame may be 
ſhewn when the Body is in the Point B by 
the Force &/. See Annot. LXX XIV. 20. 
223. WHreNcE the Body P will (cæteris 

paribus) recede farther from T in the Points 
C any D than at A andB; as is eaſy to 
obſerve from the Figure of the Orbit, which 
is leſs curved, and therefore nearer to T at 
A and 


APpPENDIxX. 


A and B, than at C and D. What is here 
faid is upon ſuppoſition that the Orbit (ex- 
cluſive of the perturbating Forces) is a Circle, 


and not an Ellipſis, which Caſe will be con- 


ſidered by and by. 

24. BECAUSE the centripetal Force of the 
central Body T, by which the Body P is 
retain'd in its Orbit, is augmented in the 
Points C and D by the addititious .Force 


LM, and diminiſhed in the Points A and 


B by the Force K L; and becauſe K L is 
always greater than LM from C to A (and 
double thereto at A: See Annot. LXXXIV. 
20, 21, 22.) and from A to D, (where it 
becomes equal to it) therefore the centri- 
petal Force (F) is upon the whole dimi- 
niſhed by 70 Action of the Body 8. And 


becauſe F: 55 ; (by Annotat. XXXIV. 6.) 


therefore the Radius TP (a) remaining the 


ſame, the Periodical Time (P) of the Planet 
will be augmented by the Action of the 
Power KL; and becauſe in that Caſe P: 


1 


FF» it appears the Periodical Time will be 
increaſed in the Subduplicate Ratio by which 
= Force F is decreaſed. 

. AGAIN, ſuppoſing the centripetal 
mc F to remain the fame, (as we me 


when 
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when K L is very ſmall with reſpect to 


it, Annotat. LXXXIV. 22.) then however 


the * T (2) may vary, we have 
P.: , or P: a . Therefore when 


neither the Diſtance (a) nor the centripetal | 


ay a 
F: 


V5; thats, the Periodical Time (P) will 


be in a Ratio compounded of the Seſqui- 
plicate Ratio of the Diſtance Ha, and the 


Force F are "Wy TG we have 5 


Ratio ——— —, Which is ſubduplicate of that 
by which the central Force F is increaſed 


or diminiſhed by the Decreaſe or Increaſe 


of the Action of the Diſtant Body S. 


, 26, FRoM what has been ſaid, it follows 
+ Alſo, that the Axis of the Ellipſis deſcribed 


by the Body P, or Line of the Ap/ides, has 
an angular Motion backwards and for- 
wards by Turns, but its Progreſs exceeds 
the Regreſs ; and by that Exceſs it is upon 
the whole carried forwards, or in Conſe- 
quentia, For the Force by which the Body 
P is urged towards T in the Points C and 
D, where the Force M V vaniſhes, 1s com- 


pounded of the Force ILM, and the cen- 
| tripetal 


tf —— , Y = 
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tripetal Force or Attraction of the Body T. 
The former Force L M, if the Diſtance 
pT be increaſed, increaſes nearly in the 
fame Ratio; and the latter Force (F) is in- 
verſely as the Square of that Diſtance, vix. 
P * the whole Force is as 


2 


PT +3 PT 


27. Now F: TP + 


= 7 is a les Ratio 


than F: 5 Pop-. For Example: Let the El- 


lipſis (when the Satellite is in the Quadra- 
tures) be AP B, and the Axis be AB; the 
Diſtances from the central Body T let be 
PT:CT::6: 5; then the ctatripetal 
Force at P will be to that at C as 25 to 36; 
but the additional Force (LM) at P is as 
PT=6, and at Cas TC = 5; therefore 
the compound Forces at P and C are as 
25+6:36+5; or as 31 to 41, which is 
a leſs Ratio than 25: 36. For as 25: 36 
3031 
72 p 
41 is leſs than the Ratio 31: 44, 64. 
28. HENcE, ſince when the Force at P 


= 44, 64. But the Ratio 31: 


is as 


P 
PT. 


che Planet deſeribes an Ellipfis 
PAB; 


w 
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| will with a Force as N + == 


PA B; and 1 che fad Force 1s as 5 


5 1 ** 
the Cures is the Fquiangular Spiral P, 
(by Annot. CXL. ) tis evident on Satellite 


Þ P- deſcribe 


an Oval P ag ill more curved than the El- 
lipfis, and therefore will lie within it. Now 


were the Planet P to ſet out from any Point 
P (in which the Radius TP cuts all the three 


ee in one common oblique Angle) and 


o proceed firſt in the Spiral Path from P 
Ee s, the Radius T Þ would conſtant- 
ly interſe& the ſaid Curve in the ſame Angle 
as at P. But ſecondly, if it proceeded in 


the Elliptic Arch from P towards A, the 
Angle TPA would continually be alter- 


ing and approaching nearer to a Right 


Angle, which it would make when it ar- 
rived in the Point A. Laſtly, if it ſet out 


in the Oval P ag, the ſaid Angle T Pg 
would alter much faſter, and approach 


more quickly to a Right Angle, Which 


happens in the Point a, becauſe of its 


greater Curvity, or Deviation from the 


Spiral P s. 


29. THEREFORE by this compound _ in 


the higheſt Apſis A will be removed back- 
wards to a, or the Axis of the Ellipſis A B 
| will 


+ G 


— 


ro — A 


— Aa Mu ew >> ox — . ˙— 


SS 


TT — — — —j̃ e 


4 — Lon — 


APPENDIX. 


will recede into the Poſition @ b ; and this 
will be the Caſe every Time the Line of 
the Apſides comes into Square with the 
Sun. 

30. Ox the other hand, when - Satel- 
lite is in the Syzygical Line CP it is urged 
with a Force in the lower Apſis C, which 
is equal to the Difference between the cen- 
tripetal Force and that expreſſed by K L; 
and in the upper Apſis it is equal to the 
Difference between the central Force and 


EI; which & is as PT or AT, as being 


double thereof ; 
Force about the upper Apſis is as 5 


therefore the compound 


—PT, which is a greater Ratio than that 
of F : PT or, in Numbers, 25 — 6: 


36 — 5 :: 19:31. But 19: 31 is a greater 


Ratio than 2 5 to 36; whence the Path of 


the Satellite P @ q is not ſo much curved as 
the Ellipſis PAB, and therefore hes be- 
tween it and the Spiral Pr 5s; and there- 
fore as the Radius moves from P towards 


A, it ſooner makes a Right Angle with the 
Ellipſe at A, than with the Oval P ag, which 
happeng/at a. The Line of the Apſides A B 


therefore goes forwards in this Caſe, and be- 
comes 4 b. 


31. Anp 


335 
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IT 31. AND becauſe the ablatitious Part k I 


is twice as great as the addititious Part / n; 
for the upper Apſis, and K L = 2 LM for 


the lower ; therefore the Ratio of the com- 


pound Forces, which is greater than the 


Ratio of the Squares of the Diſtances in- 
verſely, will upon the whole prevail, and 
cauſe a progreſſive angular Motion of the 
Lane of the Apes. 

32. HENCE *tis evident there is a certain 
Point between the Quadratures and Syzy- 
gies, where the Apſides are quieſcent ; to 


find which, let P be the Place of the Satel- 


lite in the Apſis required; through P draw 
P g equal and parallel to N M or T M, and 
produce it to K, then is Pq 3 PK. 
( Annot, LXXXIV. 21.) From 9 let fall 
the Perpendicular 27 upon PT produced, 
and the Force P q is reſolved into two others 
Prandgr; of which 97, by acting per- 


pendicularly to the Radius, does neither ac- 


celerate nor retard the Motton ,of P towards 


5 T; but the other Part P 7, acting directly 


cContrary thereto, from P towards : , dimi- 


niſhes the central Force of P towards T. 
But the Force LM or P T augments it; 
the Point therefore where P r = PT is 
that required. Now becauſe of ſimilar 


Triangles TFPR and Pr, we have PT: 
PK 


*. 
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PR:: P (23 PID): Pr PT, in the 
Caſe propoſed. Therefore 4 PS =: 


whence PT: PK:: af. | 
33- HENCE we have this Sas As 
3: 1:: Radius PT: Sine PK of the 
Arch c p — =. 35 16. The Point, then, 
where the central Force is neither increaſed 
nor diminiſhed by the Force of the Sun, 
and conſequently where the Apſides are at 
reſt, is at 35* 16' on each Side the Qua- 


dratures, or at 54* 44 from the Syzygies 
on each Side; ſo that the Apſides do in each 


Revolution of the Planet (ceteris paribus ) 
v0 backwards through 141* 4, and forwards 


through 218* 56. 


* 


37 


34. SINCE the Progreſs or Regreſs of the Plate 
Apſides depends on the 6 of the LXIX. 


central Force in a greater or lefler Ratio 
than that which is duplicate of the Diſ- 
tance in going from the lower Apſis A to 
the upper one B, and alſo on a ſimilar In- 
crement in returning from B to A, and is 
therefore greateſt when this Proportion of 
the Force in the upper Apfis to that in 
the lower Apſis does moſt of all recede 
from the inverſe duplicate Ratio of the Diſ- 
tances; it is evident that the Apſides in 
their Syzygies by the ablative — K L 
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will go forwards more ſwiftly, and more 
ſlowly in their Quadratures by the additi- 
tious Force LM. 

35. Fon let the abſolute Force of Attrac- 
tion in 1 be S a, then W_ this 18 every 
where in the Ratio of N pT. at the Body P, 
the Force by which the Body P is attracted 
towards T will be as Per-. Again, if the 
Satellite P be within 54 Degrees of the 
Syzygies A or B, its Force is diſturbed by 
an extraneous Force (5), which is every 
where as K L or /; therefore this pertur- 
bating Force is bx K L, orb x 41; ſo that 
the Force upon P in the Points P and þ 
(within that Limit) is every where in the 
Ratio of 5. — b X — 

which Ratio, 9 858 P is in the Oy A 
and B, becomes = - AT to 5x 5 = 
—bxBT (becauſe then KL: I:: AT 
5 T, and TP=AT, and p T'= BT, as 
has been ſhewn). Now this reduced to a 


common Denomination is 1 B* > * 4 — 


* A. to TNA TB. 


36. Now 
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35. Now this Ratio recedes ſo much the 
more from 0 Ratio of T B*” to A T., 


or No by how much a — NAT. 


recedes from an Equality with 2 —3 x TBO, 
or by how much A T is leſs than TB; that 


is, when the Line of the Apſides is in the 


Syzygies as in Fig. 5. In this Poſition Plate 


therefore the Apſides will go forwards ſwifter 
than in any other. 

Bur when (in this Caſe) the Body Pi is 
in the Quadratures C and D, the additional 
Force L M becoming equal to CT = T D, 


LXIX, 


and CT + T D being here leſs than in 


any other Situation of the A pſides, (as 
Fig. 4.) from the Nature of an Ellipſis, 
therefore the Ratio or Quantity of the per- 
turbating Force thence ariſing will be leaſt 
of all; and conſequently. the Apſides will 
recede {lower in this than in any other Si- 
tuation. Hence, upon the Whole, the Ex- 
ceſs in the Progreſs of the Apſides will 
in this Situation be greater than in any 
other. ” 
38. Ir the Line of the Apſides be fitu- 
ated in the Quadratures, then for juſt con- 
trary Cauſes the contrary Phænomena will 
happen; that is, they will recede moſt 
ſwiftly when the Satellite is in the Quadra- 
2 2 tures, 


Fig. 6. 
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tures, and proceed moſt {lowly when it is 
in the Syzygies. So that in this Caſe the 
Regreſs might exceed the Progreſs, and the 


Apfſides upon the Whole be moved in Ante- 


Plate 
LXIX. 


Fig. 7. 


Centre, it will deſcribe a Curve A c 6 inte- 


cedentia, were it not that the Force K L, 
by which they go forwards at A, is near 
twice as great as L M, by which they go 


backwards when the Body is at C. See 


Art. 24. 
39. Tnꝝ Exceſs of the progreſſive above 


the regreſſive Motion of the Apſides will 


be augmented, if the Bodies P and S move 
both towards the ſame Parts; for then the 
Apſides will continue a longer Time in and 
near the Syzygies, than if the Body S were 
fixed: And on the contrary, as their Mo- 
tion would be contrary to that of S when P 
is in the Quadratures, ſo the Time of the 
Regreſs will be ſhorter; therefore the Time 
by which they go forwards will, upon the 
Whole, be from hence very much in- 
ereaſed. Sil 

40. FRom what we have demonſtrated 
(Art. 28, 29, 3o.) it is evident, that if a 
Body in deſcending from the upper to tlie 
lower Apſis be urged by a centripetal Force, 
which increaſes more than in a duplicate Ra- 
tio of the diminiſhed Diſtance from the 


rior 
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rior to the Ellipſe ACB, and conſequently 
more eccentric, inaſmuch as the Ratio of TB 
to TA is increaſed by being changed to the 
Ratio of T to TA. 

41. ON the contrary, if a Body ſets out 
from the lower Apſis B towards the upper 
A, and 1s attracted every where with a 
Force that decreaſes more than in the du- 
plicate Ratio of the increaſing Diſtance ; 
then, being leſs attracted than it would be 
in the Ellipſe, it will deſcribe an Orbit ex- 
terior to the Ellipſe, as B 4a; which alto 
15 more eccentric than the Ellipſe, becauſe 
Ta to TB is a greater Ratio than T A to 
TB. 

42. By the fame Way of Reaſoning we 
ſhew, that if in the Deſcent the Force be 
increaſed in a Ratio leſs than that of the 
Square of the diminiſhed Diſtance, or in 
the Aſcent it be diminiſhed in a Ratio leſs 
than the Square of the increaſed Diſtance, 
the Orbit deſcribed will be leſs eccentrie than 
the Ellipſe. 

43- THEREFORE when the Satellite P 1s 
in the Quadratures C and D, if the abſo- 
lute central Force be to the abſolute addi- 


tional Force as à to 7, we fhall have the 


whole Forces at C and D, in the Ratio of 
2 3 ; a 
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= +#x CT to —— + x TD; which 
1 5 ö | 
is as TD* Xa+nxCT to TC'xa+n 
x TD*. But this is a leſs Ratio than that 
of TD to TC, becauſe CT is greater than 
TD. Therefore in that Part of the Or- 
bit where the addititious Force LM takes 
place, the Eccentricity will be diminiſhed, 
by Art. 42, EE 

44. AGAIN; ſuppoſing the Satellite in 
the Syzygies PQ, then the Force in Q 


will be to that at Pas TP. x a—b x TQ* 


0 FPO bx T ÞP3, which Ratio is 
greater than that of TP. to TO, becauſe 


T Qis leſs than TP; wherefore in and near 


Plate 


2.00.08 


Fig. 5. 


the Syzygies the Eccentricity of the Orbit 
will be increaſed (by Art. 40, 41). The 
Eccentricity therefore of the Orbit will be 
twice changed in every Revolution of the 
Satellite, | 

45. If the Apſides be ſituated in the 
Quadratures, then, becauſe the Ratio of 
TD to TC is greateſt of all, the Eccentri- 
city of the Orbit will be leaſt of all (Art. 
43). Again; when the Apſides are in the 
Syzygies, the Eccentricity is the greateſt of 
all for the ſame Reaſon, viz. the greateſt 
Diſparity of AT and T B. Hence the 

_” Eccentricity 
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Eccentricity of the Orbit is continually in- 
creaſing as the Apſides paſs from the Qua- 
dratures to the Syzygies, and vice ver/a. 

46. IT has been already ſhewn, (Ari. 

17, 18.) that if the Plane of the Satellite's 
Orbit be inclined to the Plane in which are 
the Bodies S and T, the Motion of the Sa- 
tellite in Latitude will in no wiſe be diſ- 
turbed by the Part LM of the extraneous 
Force, but only by the other Part N M, 

and not by that neither when the Nodes 
are in the Syzygies ; but when they are in 
the Quadratures this Perturbation 1s greateſt 
of all. 

47. Fon let P be the Satellite in its Orbit Plate 
CAD, inclined to the immoveable Plane 3 = 
CFD in any Angle ADF; and let FS © 
expound the Force of the Body 8, attracting 
the Satellite in the Direction PS. From P = 
let fall the Perpendicular P q to the Plane | 
CFD, and draw the Right Line T q S; | 
then the Force PS is reſolvable into the | 
Forces 8% and Pg; of which the former, H 
being in the ſaid Plane CF D, does not j 
diſturb the Satellite's Motion in Latitude; H 
but the other Force Pg, being perpendicu- 
lar to the Plane CF D, 1s wholly ſpent in 
drawing the Satellite from its Orbit-C A D 
towards it, and therefore 1s proportional 
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to the Force by which the Motion in my 


. vaniſhes, 


| dratures C, D, as the Satellite P paſſes from 
the Quadratures to the Syzygies the Incli- 
nation of the Orbit is diminiſhed, and it is 
increaſed in going from the Syzygies to the 


tion B. 


| the Circle ECF D in the fixed Plane paſſ- 


* 
* 
** 


* 


APPENDIX. 


tude is. diſturbed... But the Force P 9g i 
evidently greateſt when ST D is a Right 
Angle, and is Nothing when that Angle 


48. Warn the Nodes are in \ the Qua- 


Quadratures. For let P q (as before) repre- 
{ent the extraneous Force NM, and the 


Direction of its Action; we have ſhewn 


that the Body P will deſcribe the Lineola P, 


in a ſmall Particle of Time by the com- 
pound Force, which Lineola Ps is not in the 
Plane of the Orbit CP D, but defects from 


it towards Pg; ſo that the Satellite really 
moves in the Plane T PS, which produced 
will not meet the Plane ECF in C, but 
in another Point e, toward the Oppoſi- 


49. Fox with the Radius TP deſcribe 


ing through T and 8, and in the Plane 
T Ps the Arch of a Circle Pe interſecting 
the other in c. Now becauſe the Force 
NM is very ſmall, compared with the cen- 
tra} Force, therefore the Angle CP c, the 
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Inclination of the Planes CPT and cs T, 


is exceeding ſmall, and the Arch Cc an in- 
finiteſimal Quantity; therefore ſince PA 
is a finite Quantity, the Sum of the two 
Arches PC Q Pe is leſs than C A+ AD, 
or a Semicircle; and hence in the ſpherical 
Triangle C Pe the external Angle PC F 1s 
greater than the internal oppoſite Angle 
.PcC. (See my Young Jiigonameter's Guide, 
Vol. II.) That is, the Inclination of the 
Plane CAD to the Plane C F D is greater 
than the Inclination of the Plane c PT 
thereto ; which was the firſt Thing to be 
ſhewn, 

50. IN like Manner we prove, that as 
the Body P goes from the Conjunction A 
to the Quadrature D, the Inclination of 
the Orbit will be increaſed ; for if, in this 
Caſe, through the Points P and s we de- 
ſcribe an Arch of a Circle in the Plane 
TPs, the ſaid Arch Psd will meet the 
Plane CF D in the Point d between F and 
D; and the exterior Angle P d F, the new 
Inchnation of its Orbit, will be greater than 
the interior oppoſite Angle P DF, which 
was the Inclination when the Satellite was 
at A; which was the ſecond Thing to be 
ſhewn. | 

51. HENCE tis evident, that in this Si- 
tuation of the Nodes the Inclination of the 


Orbit 
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Orbit is leaſt of all when the Satellite is in 


the Syzygies at A, and that it returns to its 


former Magnitude at the next Node; for the 


ſame Things are in the fame Manner ſhewn 
when the Satellite paſſes through the remoter 


| Part of its Orbit DBC. 


52. Hence alſo the Nodes in this Situa- 
tion have a retrograde Motion, or are car- 
ried backwards from the Site DC to dc, in 
half a Revolution of the Satellite; and they 
recede as much more during the other Half- 
Revolution. 

53. Ir the Nodes K, L, are in the Oc- 
tants after the Quadratures C and D, then 


(..) The Inclination of the Plane will be 
conſtantly diminiſhed in paſſing from the 


Node K to the gath Degree at H or G, 
(2.) It will be increaſed during the Motion 
from that Point to the next Quadrature D 
or C. (3.) During both theſe Tranſits, or 
the Motion from K to D, or from L'to C, 
the Nodes go backwards. (4.) In paſting 
from the Quadratures to the next Node the 
Inclination of the Orbit is diminiſhed, and 


the Nodes go forwards. The firſt, ſecond, 


and third, are ſhewn as before, (Art. 


49---52.) and the fourth 1s thus demon- 


ſtrated. 


54. WHEN the Satellite P has paſs'd the 
„ D, the Power NM becomes 


ne gativ 6. 
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negative, or acts in a contrary Direction 
with reſpect to T, and hence the Lineola P s 
deſcribed by the compound Motion deflects 
from the Arch of the Orbit P þ towards 
the Side BA; therefore tis plain, the Arch 


of a Circle P s /, deſcribed with the Ra- 
dius T P in the Plane T P s, will meet the 
Circle FLB in a Point / between L and 
B; then, as before, we ſhew. the Angle 
PI F is leſs than the Angle PLF ; and 
the Node L has, during the Motion through 
D/, gone forwards to I. The ſame Things 
happen in the Tranſit from C to K. 

55. FRoM what we have demonſtrated 
it appears, that during the whole Tranſit 
from the Node K to the Node L, the In- 
chnation of the Orbit is more diminiſhed 
than increaſed, and the fame Thing happens 
on the other Side in going from L. to K; 


> 


therefore the Inclination 1s always leſs in the 
ſubſequent than in the preceding Node, 
And this will be the Caſe, more or leſs, 


wherever the Node K is placed between R 
and S. 


56. WHEN the Nodes are in the other plate 
Octants, viz. between S and V, and R andpie ga 


W ; then, (1.) While the Body P is paſſ- K 
ing from the Node to the next Quadra- 
ture, 
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ture, the Inclination of the Orbit is in- 


creaſed, and the Nodes go forwards. (2.) 


In paſhng from the Quadrature to the 
yoth Degree from the Node H or G, the 


Inclination is diminiſhed, and the Nodes 
go backwards. (3.) In paſſing from thence 


to the next Node, the Inclination is in- 


creaſed, and the Nodes ſtill go backwards, 


The ſecond and third are demonſtrated al- 
together as before, Ln 49.) and the firſt 


js thus thewn, 
57. The Satellite being at P, between 


K and C, the Direction of the Force NM 
is that of Pg; whence the Lineola Ps, 
deſcribed by the compound Force, will de- 


flect from the Arch Pp of the Orbit to- 


wards the Side VR; and conſequently a 


circular Arch deſeribed on the Centre T 


through the Points s and P, in the Plane 


Ts P, will meet the primitive Circle VS R 


in a Point + between K and 8. Therefore 
the Angle 5 F is greater than the Angle 


PK F; and the Node K is carried i Com- 


fequentia from K to x. The fame Thing 


is ſhewn for the other part of the Orbit 


Gk. 


58. Hrncs it appears, that ſince the 
Nodes go forwards only while the Satellite 


cure, 
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|; ture, and backwards while it paſſes from 
thence to the next Node, the Nodes in each 

Revolution go backwards more than forwards ; 
: and therefore, upon the Whole, the Motion 
; of the Nodes is abſolutely backwards, unleſs 
they happen to be in the Syzygies, where 
; they are quieſcent ; becauſe in that Caſe 

the Motion in Latitude is not at all diſ- 
: turbed by the Force N M, and conſequently 
where the Inclination of the Orbit is the 
greateſt of all. (See Art. 46.) 

59. ALL the Errors in the Satellite's 
Motion hitherto deſcribed are a little greater 
in the Conjunction of the Bodies P and 8, 
than in their Oppoſition; becauſe the ge- 
nerating Forces NM and LM in the for- 
mer Caſe are greater than N and / n in 
the latter ; as we have ſhewn in Annotation 
LXXXIV. Art. 9, 10, 11, 12. Alſo it is 
there ſhewn, that each of the diſturbing 
Forces NM and LM is inverſely as the 
Cube of the Diſtance, and therefore be- 
come greater than the Diſtance S T is leſs, 
viz. in Perihelio, and leſs as the Diſtance 
creaſes, viz. in Aphelio. 

60. Or theſe diſturbing Forces, ſince 
NM is near twice as great as LM, there- 
fore the Diminution of the central Force 
will exceed its Augmentation doubly ; and 

| fo, 
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fo, upon the Whole, the Satellite P will be 
leſs attracted towards T by the joint Forces 


of S and T, than by the Body T alone; 


conſequently the Satellite deſcribes a larger 
Orbit, and its Period of Revolution is 
greater. 

61. Ix all that has been ſaid, if S be the 
Sun, T the Earth, and P the Moon, the 
Theory of the Lunar Motions and Irregu- 
larities 18 contained in the foregoing Ar- 
ticles. And as this Theory reſults from the 
Laws of Attraction, and was firſt excogi. 
tated by Sir Iſaac Newton by reaſoning & 
priori; fo it is found no leſs conſonant to 
the Experience and Obſervation of Aſtrono- 
mers: For from thence it appears, (1.) 
That the Moon deſcribes not a Circle but 
an Ellipſe about the Earth. (2.) That the 


Eccentricity of the Lunar Orbit is variable, 


being when leaſt but 43619; when mean, 
55237 ; and when greateſt, 66854 of ſuch 
Parts as the Radius: contains 1000000, | 
(3.) That the Moon's Apogee goes for- 
wards in the Syzygies, and backwards in 
the Quadratures; but upon the Whole it 
goes forwards, ſo as to complete a Revo- 
lution in about nine Vears. (4.) That the 


Moon's Orbit is inclined to the Plane of 


the Ecliptic in a certain Angle. (5.) * 
18 


< 
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this Inclination of the Lunar Orbit is va- 
riable, being when leaſt 5%, and when 


greateſt 5 18. (6.) That the Nodes of 


the Moon go ſometimes backwards, ſome- 


times forwards, and are in the Syzygies 


quieſcent. (7.) That the Motion of the 


Lunar Nodes is upon the whole backwards, 
at the Rate of 20” per Annum, and fo as 
to complete a Revolytion in about 18 Years 
and a half. Such is the Swrprizing Harmony | 
of the Newtonian Theory with Aftronomical 
Obſervation, even in this moſt difficult Part, 


that Halley might well ſay, 


Intima panduntur vil penetralia C li, 


Nec laiet extremos que vis circumrotat Orbes. 


And, 


Diſcimus hinc tandem qui cauſd argentea Phebe 


Paſſibus haud æquis graditur ; cur ſubdita nulli 
Haclenus Aſtronomo numerorum fræna recuſet ; 
Cur remeant Nodi, curque Anges progrediuntur. 


62. Tas ſame Method of Reaſoning, by 


which we have explained the Tides, and the 


Lunar Theory, does alſo furniſh us with a 
Phyfical Explication of the Motion of the 
Earth's Axis. For let us conceive nume- 
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rous Bodies, ſuch as P, to revolve about 
: : Plate 
the Earth T, at an equal Diſtance, in equal LXXI. 
| Times, Fig: 1 
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Plane of the Ecliptic, 'tis evident each one 


will be affected with the ſame Motions as 


the Body P. Again, Let us ſuppoſe their 


Number ſo increaſed as that they become 
contiguous to each other, and thereby 


form a Fluid Aunulus or Ring of cohering 


Bodies. 
63. Tukx ſince each Part of the Ring 


| eres the ſame Laws of Motion with P, 
and becauſe while one Part is ſo attracted as 


to augment the Inclination of the Plane, 
the contrary Part is affected by a contrary 
Force to diminiſh it, therefore the Incli- 
nation of the Plane will always be variable, 


and governed by the Difference of the Forces 
which act upon it in contrary Parts. 


64. THERFFORE ſince the greater Force 


always prevails, the Parts of the Ring 


which are in the Conjunction and Oppo- 
ſition will move more ſwiftly, and accede 
nearer to the Body T than thoſe in the Qua- 
dratures (by Article 21, 22.). And the 
Nodes of this Ring will be quieſcent in the 
Syzygies, but in any other Situation will 
go backwards, and ſwifteſt of all in the 
Quadratures (by Article 4758.) . Laſtly, 


the Inclination of the Ring will be every 


where analogous to that of the Lunar - . 
| it; 
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bit: and conſequently its Axis will in each 


Revolution oſcillate to and from the Axis of 
the Ecliptic, and be carried backward by the 
Retroceſſion of the Line of Nodes. 


65. Ir the Quantity of Matter in the 
Ring were to be diminiſhed in any Ratio, 
the Motions will all remain the ſame, as 
depending on the attractive Force of the 
central Body T, which is ſtill the ſame. 
If the Diameter of the Ring be diminiſhed, 
the Motions will be in the ſame Ratio di- 
miniſhed alſo; for Effects wall be as their 
Cauſes. But LM: HP - and becauſe 
TS is conſtant, LM is as PT. Alſo MS = 
EN 5 _— =ST; therefore M S is as 


of given Quantity. (See Annotation 
[XX IV. 9, 11.) Conſequently the Mo- 


tions of the Ring will be every where as the 
diminiſhed Diſtance PT. 
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66. SurrosE therefore the Diameter off Plate 
the Ring to be diminiſhed ſo far as to be Fi * 


equal only to the Diameter of the Earth, 


and the Body T to be ſpherical, and every 
Way ere till it ere che Bulk of 
the Earth; then would the Ring of Bodies 
coincide with, and be contiguous to the 


Vol. III. A a Surface 
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Surface of the Earth, and would alſo co- 
here to it. And ſuppoſe the Plane of the 
Ring made an Angle with the Plane of the 


Ecliptic of 23 Degrees and a half, then would 


all the Motions of the Ring continue, only 
in a leſſer Degree; and would be commu- 
nicated to the Earth, becauſe it adheres 
firmly thereto ; for the Earth equilibrated 
in Ather will yield to any Motion impreſſed 
upon . it from without. But the Motions 


of the Ring being now communicated to 


the Body of the Earth, will be farther dimi- 
niſhed in Proportion as the Maſs of Matter 
to be moved is augmented. 

67. Now this Circle or Ring of Bodies 
encompaſſing the Earth by Suppoſition is 
actually the true State of the Earth ; for we 
have ſhewn its Diameter through the Equa- 
tor AQ exceeds the Length of the” Axis 


N D, (Ant. CXLVIIL) and therefore 


it is ſurrounded by a Zone of Matter upon 
the Equator analogous to this feigned Ring 


of Bodies, and which muſt of courſe pro- 


duce the ſame Effects. 


68. Hence in the Equinoxes, that is, 
when the Earth's Nodes are in the Syzygies, 


or when the Line of the Nodes (viz. the 


Equinoxes) paſs through the Earth and 
Sun, the Inclination of the Equator and 


Ecliptic, that is, the Angle AL TE or FTH 
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is greateſt of all ; and from this Tune it 


grows leſs till the Sun arrives at the goth 
Degree (or Solftice), when the tak of 
Nodes are in the Quadratures, and then it 
is leaſt of all. 

69. THEREFORE twice in a Vear the In- 
clination of the Ecliptic and Equator 1s di- 
miniſhed, and twice again reſtored ; and the 
Nodes (or Equinozes) conſtantly go back- 
wards, and carry the Axis of the Earth TH 
with a retrograde Motion about the Axis of 
the Ecliptic T F, tracing out the Cirele or 
rather vermicular Curve HIGR in the 
Heavens among the Fixed Stars. 
| 70. AGAIN; the Plane of the Equator 
is inclined to the Plane of the Moon's Or- 
bit, for the latter makes an Angle of but 
about 5 Degrees with the Plane of the 


Ecliptic ; and therefore the Moon (though 
a lets Body than the Sun, yet being nearer) 


produces a greater Effe& than the Sun on 
the Equatorial Ring or Zone of Matter, 
and ſo augments all the aforeſaid Motions 
of the Earth's Plane and Axis. Sir Iſaac 


Newton has ſhewn (Prop. XXXIX. Lib. III.) 


that the Part of the annual Receſſion of the 
Equinoxes, which is owing to the Sun, 1s 
9 %% 20”, and that which is owing: to 
the Moon is 40" 52“ 52”; therefore by the 

A a 2 joint 
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joint Influence of the Sun and Moon the 


th "mr 


; Equinoxes recede yearly about 50" oo” 12“; 


which is likewiſe verified by the Obie 
tions of Aſtronomers for 2000 Years paſt. 
See Annotation CXLI. 

71. I SHALL now explain the Method 
uſed by Philoſophers for computing the 
Quantities of Matter, Denſities, Weight 
of Bodies, &c. in the Sun, the Earth, Ju- 
piter, and Saturn, by Means of Satellites 
revolving about them. In order to this let 
Q, . expreſs the Quantities of Matter in 
the two Bodies A, B; alſo let G, g, be the 
reſpective Forces ＋ Gravity at the equal 
Diſtances ACand BD. Let T, T, be the 
Periodical Times of Bodies revolving about 
A and B at thoſe equal Diſtances; md let 
T, t, be the Periodical Times of Bodies re- 
volving at the unequal Diſtances A C and 
B E, Which call D and d. 

72. TüEN in the Siven Diſtances Ac, 
BD, we have S7 7: Gg (-* 7.) But 


G: g: 1. - (by Annot. XXXIV. 6.) 


Whence Q: g :: 8 1 ; and multiplying 


the latter Ratio by D', we have Q: 9: 


= ti > But becauſe T*:t : D: d,, (ibid. 
Ari. 


APPENDIY. 
Art. 1 I.) therefore = ==; conſequently, 


Q: 9: 1 — ; 2 That is, The Quantities of 


Matter m hu two Bodies are in the compound 
Ratio of the Cubes of the Diſtances direciiy, 


and Squares of the Periodical Times inverſely, 


of Bodies revolving about them. 
3- In this Calculation the Bodies A and 


B are ſuppoſed at reſt. We conſider the 
Sun at reſt with reſpe& to Venus, and Fu- 
piter and Saturn in reſpe& of their Secon- 
daries; and we have reduced the Diſtance 
of the Moon to 60 Semidiameters, at which 
ſhe would revolve about the Earth at reſt, 
Now let the Diſtance of the Earth from the 
Sun be put — — 1000 
then Venus revolves about the Sun 

at the Diſtance — 5 723 
the 4th Satellite of Jupiter at the | 

Diſtance ak, pr RE ( 1224775 


the 4th Satellite of Saturn at "1 g 
5107 


Diſtance — — 
the Moon at the Diſtance 3-054 
of Venus 1s | 194747600 


The Perio- | of the Jouian Sat. 1441929 
dical Time } of the Saturnian Sat. 1377 7674 


Lof the Moon, 2300 580 


Aa 3 174. Now 


— = 


* 
— 
* 
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74. Now ſuppoſe the Quantity of Mat- 
ter in the Sun be 19009, then for that in 


Jupiter ſay, A 9 12,4775, 
Jupiter ſay, As T 
10000: 9,30 5 (by Ari. 71.) the Denſity of 
Jupiter compared with that of the Sun. 


By the ſame Analogy the reſt are found, 


and in each they are as follow. 
In the Sun, Jupiter, Saturn, Earth, Moon, 
10000. 9, 305. 3, 2 50. o, op 12. o, oo 13. 
75. Now if theſe Quantities of Matter 
are divided by the Squares of the Diame- 
ters of theſe Bodies, the Quotients will be 
as the Weight of Bodies on their Super fictes, 
(by Annot. XIX. 3.) The Diameters of the 
Sun and Planets ſee in Anng. CXXXV, 
Then _ theſe Gravities will be as follow, 
In the Sun, Jupiter, Saturn, Earth, Myon, 
10000. 936. 519. 431. 146. 
76. IN homogeneous, unequal, ſpherical 
picker. the Grav.ties on their Sur faces are 


as the Diameters, if the Denſities are equal 
(Annotation XIX. 3.) But if the Bodies be 


equal, the Gravitis wall be as the Den fities, 


becauſe they will be as the Quantities of 
Matter, which in this Caſe are as the Den- 
ſities (Annot. XVII.) Therefore in Bodies 
of unequal Bulks and Denſities, „he Gra- 


ties will be in a compound Ratio of the Di- 


ameters 


ameters and Denſities. Confequently, the 
Denfities will be as the Gravities divided by 
the Diameters; and therefore in the ſeveral 
Bodies as follows. 
In the Sun, Jupiter, Saturn, Earth, Moon, 
10000. 9385. 6567. 39539. 48911, 
77. As it is not likely that theſe Bodies 
are homogeneal, the Deniitics here deter- 
mined are not to be ſuppoſed the zruc, but 
rather mean Denfities, or ſuch as the Bodies 
would have if they were homogeneal, and 
of the fame Maſs of Matter and Magni- 


tude. 
78. LeT F, /, be the Forces of the Sun 


and Moon to move the Sea; D, d, their 


Diſtances from the Earth; then F: f : 
> 5 (See Annotation XIX. and LXXXIV. 


A of Let B, ö, be the Bulks; R, , 
the Diameters; and N, , the Denſi- 
ties of the Sun and Moon: then will 


:: BN: RN n; (Amor. 


XVII. and XIX.) wherefore F:f:: 1 


Laſty let A, 5 be the apparent 


J. 
Diameters of 2 Sun and Moon; then 
& 
"I" 5; 
=—_ pears 


will A: a: ; becauſe any Body ap- 
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- pears. larger the bigger it is, and leſs in 
| Proportion to the increafing Diſtance ; 

therefore Az : a:: 1 : 7. ier 
N: 4 n. Conſequently, N: :: F a”; 


. 
& 95 
| 79. Bur (according to Sir Iſaac Newton) 
| F:f::1: 4,4815. See Annot. LXXXIV, 
| a8.) And A: 31: 32 12: 31 164 (at 
a Mean, by Qbſervation.) That is, A: a :: 


I 
3864: 3753. Therefore : :: "IC 


; 44515 : 10000 : 48911, the Ratio of 
16163 e 
the Sun and Moon, as above ſhewn, Art. 76, 


30. The Quantities of Matter being Q: 
9 :: RB N: N (Art. 78.) and with re- 
ſpect to the Earth and Moon, N ; x : : 
39539 : 48911; and R: 1: 109: 3o, 
(Annot. CXXXVI, 4.) therefore : :: 
1093 x 39539 : 30. X 48911 :; 331 : 1: 
o, 0512: o, oo 13, as determined in At. 74. 
81. Tuz Weight of Bodies on the Sur- 
face of the Earth and Moon are in the com- 
pound Ratis f the Diameters and Denſities, 
(Art. 76.) that is, in the Ratio of 109 x 
39539 to 30 x 48911, or as 431 to 146, 
(as per Art. 75.) or as 3 to 1 nearly, 


* 
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82. Having the Quantities of Matter 


in the Earth and Moon, the Diſtance of 


the common Centre of Gravity 1s deter- 
mined : For the Diſtance of the Moon from 
the Earth's Centre is to this Diſtance as 
40,31 to 1; which Ratio is more accurate 


than that of 41 to 1, made uſe of in Annot- 
664 1 7 x 


83. Tuꝝ Theory we have here been ex- 


plaining is applicable to any Syſtem of three 
or more Bodies, as well as to the Sun, the 
Earth, and Moon. Thus the perturbating 
Forces and Irregularities of Motion in the 
Syſtem of the Sun, Jupiter, and any of his 
Moons, may be eſtimated in nearly the 
{lame Manner, (mutatis mutandis) as alſo 
thoſe of the Sun, Saturn, and his Satellites ; 
and laſtly, between the Sun, and primary 
Planets, by putting the Caſe more gene- 
rally, (as Sir Jaac does) in ſuppoſing both 
S and P to revolve about the fixed central 
Body T, which we may ſuppoſe to be the 
Sun, and S and P any two of the Planets 
at pleaſure. Therefore, to uſe the Author's 


own Words (in another Caſe) for Conclu- 


hon : Uſus igitur hujus T heorie latiſſim? patet ; 
& late patendo, Veritatem ejus evincit. | 
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Concerning the ImprROVEMENTS* in 
OrTIcAL InsTRUMENTS. 


I. Of the Univerſal Compound M1cro- 
SCOPE. II. Of a new conſtructed SOLAR 

 Microscoes. III. A new REFLECTING 
TELESCOPE and Megalaſcope in one In- 
ſtrument. IV. The Theory and Application 
_ of a NEw MicroMETER, by Means of a 
divided Glaſs. V. The New Improve- 

ments in Reęſracting Teleſcopes confidered. 
VI. Of the latter Improvements of Rx- 
FRACTING and REFLECTING TELE- 
-- SCOPES. VII. The Nature and new Con- 
' ftrudlion of VISVAL GrLAsSES explained. 
VIII. A Deferipton the EQUATORIAL 
TELESCOPE. 


TH Of the rand MicroscoPe, 


N the firſt Edition of this Work a 
Plate of the univerſal Compound Mi- 
croſcope was, deſigned, but through In- 


adyertency was left out; and fince that 


Timg 
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Plate * 


| Glaſſes, collecting Specula, adjuſting Screws, 


or horizontal Poſition, are Advantages pecu- 


KR NDT1X . 


Time having made conſiderable Improve 
ments, both in its Form and Uſe, I have 
ſupplied that Deficiency in the Print o 
one of the moſt elegant Conſtruction I 
can think of, and of the moſt extenſive 
Uſe; there being no ſmall Object of any 
Kind but what may be readily and eaſily 
viewed by it. It has all the Apparatus of 


Se. in common with-othixs.. Beſides which, 
the Contrivance of a moveable Stage for 
the Objects, and the Joint on the Top by 


which it is placed, either in a perpendicular 


liar to this Conſtruction of a Microſcope. 
The Deſcription of which will * ay to 
underſtand as follows : 
ABC is the Body of the Microſcope. 
A is the Magnifier, of which there are 
flour of different Powers. 
B is the large Middle-Glaſs for amplifying 
the Field of View. 
C is the Eye-Glaſs at the Top. 
D the Joint on which the Microſcope is 
moveable on a perpendicular, oblique, 
or horizontal Poſition at pleaſure. 
E is a Screw, and F the Socket by which 
it is taken off and put on as Occaſion 
requires. 
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GHI is the moveable Stage on which 
Objects are placed to be viewed, ang 
has a Motion about the Centre. 

K is the Screw in the Centre L, by 
which that Motion is adjuſted and regu- 
lated. 

MN are two Pieces of Braſs moveable 
upon 2 ſquare Stem, to adjuſt the Stage 
with its Objects to a proper Diſtance 
from the Magnifier A. 

O is a Screw for fixing the Piece M to the 
Stem. 

P the adjuſting Screw for moving the 
Part N up and down to its proper 
Situation. 

QR the Braſs Pillar on which the Whole 
1s ſupported. 

STV three ſtrong Feet, ſerving as a 
firm Baſis to the Microſcope. 

Wa reflecting Mirror, moveable ver- 
tically in a Scmicircle X, and horizon- 
tally in a Socket at V. 

Tat Body of the Microſcope, the Stage, 
and the Reflecting Mirror are taken off from 
the Stem, and the Legs folded together, ſo 

to be conveniently placed, and take up 
Ker little Room in a Shagreen Caſe, which 
is therefore of a portable Size. 


# 
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I. of the New SoLAR Microscovye, 


HE Plate of the Solar Microſcope, 


given in the firſt Edition, being im. 
perfect on two Accounts, v.. That it 
exhibited a View only of Part of the In- 
ſtrument, and that of a very bad Con- 
ſtruction, I have thought it proper here to 
add the Figure of this extraordinary In- 
ſtrument, with all the Improvements I have 
hitherto been able to make in it, which are 
as follow: 

Frs T, The Common Solar Microſcope 
was made of Wilſon's, fixed to a proper 
Apparatus : But as this Form admitted 
only one Magnifier in the Inſtrument at a 
Time, it is changed for another, in which 
all the Magnifiers are contained in a Slider; 
and ſo all the different Degrees of magni- 
fying an Object in a dark Room are immedi- 
ately at Hand. 

SECONDL.Y, With Wilſon's Part the Objed 
was moved towards the Glaſs with a Screw; 
in this the Glaſs is moved towards the Ob- 


ject by Teeth and Pinion, which is found 
to be much the better Way. 


THIRDLY, In the old Form the whole 
Body of MVilſan's Microſcope was obliged to 
| _ 


APPEN DTX ll. 


be turned round ſeveral Times in getting a 
true focal Diſtance, by which Means a 
Motion of the large confuſed Image be- 
came ſo great as to be very diſagreeable to. 
the Spectators; which is entirely prevented 
in this new Form, where there is only a 
Motion of the Object backward and forward 
in a right Line. 

FoURTHLY, Thoſe which were made in 
Wood had the Looking-Glaſs move by 
Wheel and Pulley, with Cat-gut Strings 
ſtrained tight upon them. But this Me- 
chaniſm being often at Fault, and giving 
Gentlemen a great deal of Trouble, I have 
ſubſtituted in this new Form a Wheel and 
Pinion with Teeth, as well in thoſe made 
of Wood as Braſs, by which the Motion 
of the Glaſs is rendered always conſtant, 
certain, and eaſy. 

FIFTHLY, The Looking-Glaſs in the old 
Form is raiſed and deprefled by a ſliding 
Wire ; but in this new one, whether in - 
Braſs or Wood, the ſaid Glaſs is 2 


by a Screw, and therefore will always ſtand 


in the Poſition it is ſet, and give no Trouble 
in the Experiment. 

SIXTHLY, The illuminating Glaſs was 
ſcrewed on the Outſide of the Frame of 
this Inſtrument ; but in this new Con- 

ſtruction 
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ſtruction it is placed within the End o 
the large Tube, which is much more con- 
venient. 

Upox the whole, the old C ape 
of the Solar Microſcope rendered it A 
heavy, clumſy, and - ill-contrived Inſtru- 
ment; whereas every one who has ſeen 
the Form which I have here given in the 
Plate allow it to be the moſt neat and eaſy, 
light and uſeful that can be contrived. 'The 
ſeveral Parts of which are as follow : 


Plate II. ABCD is the ſquare Plate ſcrewed on 
to the Window-ſhutter. 

EF is the Looking-Glaſs on the Owl 
fide. 

G is the Pinion, which, by an End-leſs 
Screw on the other Side the Plate, 
moves the reflecting Glaſs up and 
down. 

L is the Pinion by which the Wheel 
contained under the Piece 

MN is moved, and by which the Look- 

ing-Glaſs EF has a circular Motion 
given It. 

O is the Tube containing the Illumiy 
nating Glaſs at O, and a Drawer at P, 
by which a due Quantity of Light is 

thrown upon the Object. 
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QR is a Part ſubſtituted inſtead of Vil- 
ſon's Microſcope, the inner Part of 
which is fixed, and the outer Part 
moveable for the adjuſting a due fo- 
cal Diſtance of the Object from the 
Glaſs, | 

R is the Part conſiſting of three Braſs 
Plates, in which the Sliders and Tubes 
containing the Objects are placed, as 
in Vilſon's Microſcope, and kept to- 
gether by a ſpiral Spring Wire within. 

S is the Braſs Slider containing the ſeve- 
ral magnifying Glaſſes, which may be 
ſucceſſively applied to the Object, by 
which it may be inſtantly magniſied to 
any Degree at Pleaſure, 

T is the Pinion by which the external 
Part Q V is moveable backward and 
forward, for procuring a true focal Diſs 
tance, and conſequently the Image of 
the Object with the utmoſt Facility 
and Exactneſs. 


III. Of Neu REFLECTING TeLESCOPE. 


IAVING long obſerved the great Per- Plate IV. 
| fection and Uſefulneſs of Reflecting Fig. 1. 
Teleſcopes above Refractors, ariſing from 

their Nature and Conſtruction, I have been 

Vo, III. B b more 
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more ſolicitous to cultivate and improve that 
Inſtrument than any other; eſpecially when 
1 ſaw much Room left for that Purpoſe. 


The reflecting Teleſcope, as uſually made, 
has not half the Uſes it is capable of ; for 


when it is well conſidered, it will be found 


to anſwer the Purpoſes, not of a Tzre- 


SCOPE only for viewing diſtant Bodies, but 
likewiſe it is the moſt compleat MEGaLa- 


SCOPE, or Inſtrument for ſhewing all Ob- 
jects at a very near Diſtance, and all the 
larger Sort of ſmall Objects, in the greateſt 
Perfection. In the third Place, it gives the 
moſt perfect View of any ſmall Object, 


opake or tranſparent ; and therefore is a 
MicRoscorg of the very beſt Kind, as 


far exceeding common Refracting Micro- 
ſcopes, as Viſion by reflected Light is more 
exquiſite and perfect than that by Refrac- 


tion. Indeed there are two different Ways 
by which the Reflecting Teleſcope may be 


uſed as a Microſcope, each of which has 


its peculiar Advantage. In the fourth and 


laſt Place, this Inſtrument is a SoLar Mi- 
CROSCOPE, by being ſcrewed into the Plate 
ABC D of that Inſtrument above de- 


ſeribed. In all theſe ſeveral Ways I have 


uſed this Inſtrument with great Succeſs, and 
* I have, for theſe Purpoſes, con- 
= .-  trived 
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trived it in a different-Form from that in 
which they are uſually made, and by which 
Means they are eaſily applicable to the fore- 
going Purpoſes ; and even thoſe that will 
ſhew Jupiters Moons are hereby rendered 
portable, or adapted to the Pocket. 

THest Pocket Reflecting Teleſcopes have 
a Drawer, in the End of which the ſmall 
Speculum is fixed, and adjuſted by Teeth 
and Pinion. - They are equally applicable 
to Uſe at Sea as at Land ; and, notwith- 
ſtanding many People have been perſuaded, 
that Refracting Teleſcopes are moſt uſe- 
ful at Sea, the Abſurdity of this Notion, 
will evidently appear to any one who con- 
ſiders what we have in the foregoing Leo- 
ture ſufficiently demonſtrated, viz. That 
the natural Cauſe of indiſtin& Viſion is 
vaſtly leſs in a Reflecting Teleſcope than 
in a Refractor; and this upon the Suppo- 
ſition that the Quantity of Light and mag- 


nifying Power are the ſame in both. To 


conclude, I am thoroughly ſatisfied that if 
the Nature of this Inſtrument was well con- 
ſidered and underſtood, and People could 
be made ready at the Uſe of it, they who 
could afford to purchaſe it, would never 
have any other. But though the practical 
Application be very eaſy, yet as it is 

| 1 new 
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new and unuſual, and requires ſome ſmall 


Degree of Dexterity, I have no great Ex- 
pectation of its being ſoon made public or 


brought into common Uſe, when I find 


by Experience, how eaſy, cheap, and com- 
mon every Thing muſt be for that Pur- 
poſe, and how few there are to encourage 


any Thing of a different Kind in the pre- 


ſent Age. I had Thoughts of illuſtrating 
the particular Uſes of this general Catop- 
tric Inſtrument ; as likewiſe to ſnew how a 
Reflecting Teleſcope, a Reflecting Microſcope, 
and a Reflecting Solar Microſcope, by me- 
talline Speculums of a different Form and 
Poſition, and of a more perfe& Nature, 
might be conſtructed and applied to Uſe, 
bur have declined that alſo for the Reaſons 
above mentioned. 


IV. The Theory of a NEW MIcROMRTER. 


* 8 the Perfection of Aſtronomy de- 


pends upon the moſt accurate Me- 


thods for meaſuting the Diameters of the 


celeſtial Bodies by Means of thoſe Initru- 


ments we call MicRoMETERs, applied in 


Teleſcopes for that Purpoſe, it has given 


the ſagacious Aſtronomers Occaſion to con- 
| trive 
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trive them in many different Forms ; but 
all of them, till very lately, were applied in 
the Focus of the Object-Glaſs, to meaſure 
the Images of the heavenly Bodies formed 
there, and they may be juſtly reckoned 
among the molt exquiſite Inventions of mo- 
dern Mechanics. 

BuT as the Diameter of the Sun and 
Moon are ſo much larger than the Planets, 
the Micrometer which ſerves for one, could 
not be ſo well adapted to meaſure the other ; 
which put ſome Philoſophers upon think- 
ing of a Method by which they might mea- 
ſure the apparent Diameter of the Sun, with- 
out being obliged to take the Whole of the 
Sun's Ditk into the Teleſcope ; and this they. 
at length ingeniouſly contrived by forming 
a Teleſcope in ſuch a manner as to make 
two Images of the Sun in the Focus of the 
Teleſcope at the ſame time, and bringing 
them into Contact with each other. And 
this Inſtrument they properly call a HxLIo- 
METER. | 

Tux firſt Inſtrument of this Kind is of 
a late Date, and was the Contrivance of 
the late celebrated Servington Savory, Eſq; 
of Exeter, who, in the Year 1743, in a 
Letter to Mr. George Graham, dated Novem- 
ber zoth, gives an Account of a new Way 

B b 3 of 
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of meaſuring the Difference between the 
apparent Diameter of the Sun at the time 


when the Earth is neareſt to and fartheſt 
from the Sun, with a Micrometer placed 
in the Teleſcope invented for that Pur- 


poſe; though the Charge, or magnifying 


Power of the Teleſcope is ſo great, that the 
Whole Sun's Diameter does not appear 


therein at one View.—* This, ſays Mr. 
% Savory, I doubt not, will at firſt Sight 


“ ſeem impoſſible, ſince only a Part of the 
% Diameter appears, and no viſible Mark 
* or Point therein from which ſuch Mea- 
*f ſure can be taken. And, indeed, it is 
& ſo by Obſervation with our common Te- 
leſcopes, whether refracting or reflecting 
* ones. I have therefore contrived ſome 
«© Dioptric Teleſcopes, and a reflecting one; 
either of which, by repreſenting the Ob- 


N 


6 


* ject double, will, if well made, anſwer 


© the Deſign.” 
AFTER this he proceeds to ſhew at args, 
by cutting of a large Obje&-Lens into four 


Parts or Segments, and combining the two 


outer ones together, or the two middle 
ones inverted, how he could form this 
double Image of the Sun; but as thoſe 


Images were not well defined and free from 
Colours, he proceeded to a third Method 
of forming thoſe Images by Means of two 


Object- 
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Object-Lenſes entire, but of ſmall Diame- 


ter; but in this Caſe the Difficulty lay in 


getting Object-Glaſſes exactiy centered, and 


of the ſame focal Length in ſo ſmall a 


Size. 

He theo. bad rent to reflecting Mir- 
rors, cut them aſunder, and combined their 
Fruſtums to anſwer the ſame Purpoſe. How- 


ever, all his Attempts of this Kind left the 


Inſtrument but imperfect; and after this 


we find the ſame Thing attempted that 
M. Bouguer read before the Royal Aca- 


demy of Sciences at Paris, in the Year 


1748, a Memoir, in which he deſcribes: an 


Heliometer with two Object-Glaſſes for 
meaſuring the Diameter of the Sun and 


Planets. It is probable this was taken from 


Mr. Savory's Experiments ſome Years be- 
fore, but of this we have no particular Ac- 


count. 

HowEveR, it was ſoon conſidered, that 
an Object-Glaſs divided into two Segments 
through the Centre or Pole, would more 
conveniently anſwer the Purpoſe in thoſe 


two Parts, than could be done by two whole 


Glaſſes : Foraſmuch as each Segment would 
form an equal Image of the Sun, and at 
an equal Diſtance from the End of the 
Teleſcope ; or in other Words, the focal 
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Diſtance of each Segment would be exactly 
the ſame, and the Images of the Sun and 
Planets formed exactly in the ſame Plane 
in the Focus of the Teleſcope. 

Ap ſince the Centres of the Sun, each 
Segment of the Glaſs, and its Image are all 
found in one Right Line, therefore if one 
Segment of the Glaſs be fixed in the End 
of the Teleſcope, the Image formed in it 
will alſo be fixed, or remain conſtantly in 
the ſame Part of the Focus; and if the other 
Segment be moved in the fame Plane over 
it, as its Centre or Middle Point is removed 
from that of the fixed Segment, ſo likewiſe 
is the Centre of the moveable Image equal- 


ly removed from the Centre of the fixed 
one; or the Centres of the two Images will 


always be equidiſtant with the Centres of 
the two Object-Glaſſes, and conſequently 
the Diameter of the Sun or Planet (being 
equal to its two Semidiameters) muſt be 
equal to the Diſtance between the two 
Centres of the Segments, when thoſe two 
Images are in Contact or touch each other 
in the Focus of the Teleſcope. And this is 
the whole Ground or Reaſon of the new 
Micrometer, which will be beſt illuſtrated 
by Figures, as it is applied to the Refracting 
or Ty Teleſcope, as follows : 


LET 
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Object, as the Sun, Cc. and AB its Dia- 


377 
Let ABCD repreſent any very diſtant Plate III. 


Fig. 1. 


meter; alſo let EF GS repreſent the Ob- 


ject-Glaſs conſiſting of two Segments EF G 
and ESG divided through the Centre N 
in the Right Line EG. The Angle under 
which it appears at the End of the Tele- 
ſcope will be ANB equal to the Angle 


K NL, under which the Image KL is 


contained. Now, ſuppoſe the moveable 
Segment E F G were by a mechanical Con- 
trivance drawn off to the Poſition H I, the 
Diſtance of their Centres would be NO; 
and the two Lines AN and BO paſſing 
through the Centres N, O, of the Seg- 


ments, if produced, meet at the Focus in 


L; and fince BL and B K do alfo paſs 
through the Centres N and O, and the 
Object being at an indefinitely great Diſ- 
tance, the Line OL will be parallel to N K, 
and conſequently the Angle NL O is equal 
to the Angle KNL or ANB; that is to 
ſay, the Angle under which the Object ap- 
pears from the End of the Teleſtope (or ta 
the naked Eye) is equal to the Angle under 
which the Diſtance between the two Centres 


of the Segments appear from the Solar F acut 
of the Teleſcope. Rs 


AND 
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Lenſes, they will likewiſe be in Contact 
in the ſhortened compound Focus. And as 
the Centres N and O of the two Semi- 
Lenſes GE and IH are ſeparated farther 
from, or brought nearer to each other, the 
Images in either Focus will be moved in 
fimilar Manner ; and when the Centres N 


and O coincide, the Images in each Focus 


reſpectively will alſo coincide, or become 
one entire Image, the Difference in every 
Caſe being only as to large and ſmall, greater 
or leſſer Diſtance. Conſequently in the 
Micrometer by which thoſe two Semi- 
Lenſes are moved by each other, the fame 
Turns of the Screw which meaſures the 
Angle OPN, and which brings the Images 
into an exact Contact in the ſingle Focus 


at Q, will be neceſſary for the ſame, Pur- 


poſe in the compound Focus alſo; ſo that 
by this Means we have an Opportunity 
of meaſuring the ſaid Angle OPQ, with- 
out being obliged to have ſo great and 
ſo unmanageable a Length of the Tele- 
ſcope. | | 

HoweveR, the larger the focal Diſtance 
of the Lens AB is, the more diſtin the 
Contact of the Images will appear; and 
becauſe this is the Point on which the 


whole Perfection of this Micrometer de- 
pends, 


APPEND IX II. 


pends, it will be likewiſe neceſſary to have 
it ſo contrived, when applied to a Teleſcope, 
that the Centres N O may be equally diſtant 
from the Axis of the Teleſcope or Centre 
of the Aperture on either Side; becauſe in 
this Caſe the Point of Contact in the two 
Images will be juſt in the Centre of the Fo- 
cus, and therefore the moſt diſtinct that it 
poſſibly can be. 

Bur the Application of this Microme- 
ter to Refracting Teleſcopes will be leſs 
convenient than when it is applied to a 
Reflecting Teleſcope ; for if it be placed 
on the open End of the Reflecting Tele- 


ſcope, as in Fig. 3, then will the Rays that Plate III. 
tend to form the larger Images RQ and Fig. 3. 


PM be incident upon the larger Speculum 
Ag, and from thence reflected to a com- 
pound Focus, where the ſimilar Images 7 

and pm will be formed as before ; the Rays 
proceeding from theſe two Images to the 
ſmaller Speculum a b, will be reflected back 
through the Hole of the larger, to form 
the Images N and PM, which likewiſe 
will ſtill be in Contact in the Focus of the 
Eye-Glaſs DC. where it will be diſtinctly 
perceived by the Eye at I, This Contact 


will likewiſe be ſhewn in the middle of 


the Focus of the Eye-Glaſs, if the Centres 
O and 
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O and N are properly diſpoſed, as before 


mentioned. 

From what has been laid, the general 
Rationale of this Micrometer will, '1 pre- 
ſume, evidently appear; but one Thing 


muſt not paſs unregarded in an Affair of 


ſuch Moment and Conſequence as the mea- 
ſuring theſe ſmall Angles in the Science of 
Aſtronomy, which has been cuſtomary to 
ſuppoſe, that ſo far the Focus of a Lens, 
or the focal Diſtance of Rays parallel to its 


Axis, is equal to the Radius in a double 
and equally convex Lens. But this is too 


great an Error not to be noticed here; for 


in different Sorts of Glaſs there is found a 


different refractive Power, and the Focus 
of parallel Rays is at a different Diſtance 


in each; but this Diſtance in no Sort of 


Glaſs is equal to the Radius, but falls ſhort 


of it more or leſs. Now the foregoing 
Demonſtration regards the Radius, 2nd not 


the focal Diſtance of parallel Rays. But 
this Affair will be beſt illuſtrated by Ex- 


_ ample, as follows: 


LV r the Sine of Incidence be to hs Sine 
of Refraction = of Air into Glaſs as m 


— 1 
1 and let g a, then will a ex- 


preſs d the refrativ Power of the Glaſs; 


and 


4 
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and the Theorem for a double and equally 


Convex Lens will be —— =f, which 


for parallel Rays, becomes — = J; whence 


r=2af; orf: :: 1: 24. 

THEREFORE to repreſent this Matter in 
its proper Light, we will ſtate the Propor- 
tions of Page 378 from this correct Theo- 
rem, and they will ſtand thus, 4: :: 
2ad—r:r; andd+f: :: 2a4:r; that is, 
AT: G:: 2 . WS; AB; 
NO: Henee NO: AB::r:2ad::Ff; d. 
Or, the Diftance of the Centres NO bas the 


fame Ratio to AB, the Length of the Object, 


as the focal Diſtance of parallel Rays has to 
the Diſtance AN, or as the Radius has to the 


faid Diſtance multiplied by 2 a. Whence tis 


evident we cannot uſe the Radius without 


conſidering the Refraction of the Glaſs; but 


the focal Diſtance of parallel Rays ſerves 
equally for all Sorts of Lenſes, is moſt 
eaſily found, and therefore fitteſt for, the 
Analogy, as before determined, in meaſu- 
ring Angles and Diſtances. 

W1TH regard to the Planets, as Jupiter 
is the largeſt of all, and ſubtends an Angle 
to the Eye of 3112“, the Diameter of his 


Image in the Focus of a 50 Foot Glaſs _ 
E 


* " 
= -. 
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be about half an Inch, and that will be the 
utmoſt Diſtance to which the Centres of 
the Segments will be required to be ſeparated 
for meaſuring the apparent Diameters of the 
Planets. 

Bor for a HzL1oMETER, the Diameter 
of the Sun being near ten Times as great 
as that of Jupiter, will require the Centres 
of the Segments in a Glaſs of 40 or 50 
Feet Focus to be removed from each other 
at leaſt to the Diſtance of 4 or 5 Inches; 
and to take in the whole Syſtem of Jupi- 
ter's Moons, the Diſtance of the Centres 
will be required much larger; and there- 
fore for ſuch Purpoſes the Segments of 
Glaſſes of a leſs focal Length muſt be 
uſed. 

As this Micrometer has many Advan- 
tages above that which is in common Uſe, 
ſo on the other hand it is liable to ſome 


Objections; for ſince the Images of Ob- 
jets can never be well defined but in the 


very large focal Diſtances, and ſince thoſe 
Glaſſes are not made true without great 
Care and Difficulty, they will come dear, 
and then we muſt run the Riſque of ſpoil- 
ing them in cutting them aſunder; for if 
they are not cut nicely through the Centre, 
it will derogate from the Value and Good- 
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neſs of the Inſtrument. Alſo ſince at the 
ſame time a very great magnifying Power 
is required in the Inſtrument to which it 
is applied, it can be applicable for Aſtro- 

nomical Purpoſes in only Reffecting Tele- 
ſcopes, becauſe of the Conveniency o 
ing it to the Tube of the Teleſcope, and 


| moving it at the ſame time you are obſerv- 


ing the Object through it. 


V. Concerning the Improvement of Refrafting 
| Microscores and TELESCOPES by 4 


Compoſition of Glaſſes. 


T has been already ſhewn in Annotation 
CXXVIII. Art. 18. that the Errors 


ariſing from the different Refrangibility of the 


Rays of Light will be as the Cubes of the 


lineal Aperture of the Glaſs direfly, and the 
Squares of its Diſtance inverſely ; and conſe - 
quently in Glaſſes of the fame Aperture 
the Indiſtindneſs of Viſion will be in- 
verſely as their focal Diſtances ; wherefore 


if, while the magnifying Power and Aper- 
ture of the Lens continue the ſame, we 


can increaſe this Ratio of the focal Diſ- 
tance to the ſaid lineal Aperture, we ſhall 
in that Proportion increaſe the Diſtinctneſs 


of Viſion, which is the very Point in which 


the Perfectionof Microſcopes and Teleſcopes 
conſiſt. 


VoL. III. Ec 


apt- 
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To illuſtrate this, let AEDG be a 
Lens, F the Focus of parallel Rays, f the 
Place of an Object O B; through the Point 


F draw a Line to interſect the Object in 


the Point B, and falling upon the Lens in 


the Point A. This Ray will be refracted 
into AM, paralle] to the Axis of the Lens 


FCO; from f draw the Line F A, which 
by the Lens will be refracted to its reſpec- 
tive Focus V; then will LV repreſent the 


Image of Part of the Object Bf; let MN 


be an Eye-Glaſs by which that Image is 


to be viewed, which therefore muſt be 


placed at its Focal Diſtance PV; from it 
draw PL, and parallel thereto draw M O, 
then will the Angle MOP be the viſual 
Angle under which the Image LV will 
appear in the Eye at O. 


We are now to ſhew how this Image 
may be viewed with more Diſtinctneſs, 
and under the ſame Angle and Aperture 
as before; and this is effected by ſubſti- 
tuting two Glaſſes HI and US inſtead of 
the ſingle Glaſs MN; for by this Means 
we ſhall make the ſame Angle by two Re- 
fractions which before was made by one, 
and that will produce the deſired Effect; 
for let the Glaſs H 1 be placed at its focal 


'.- Diſtance IP from the Centre of the firſt 


Glaſs MN, then will the Ray AH (which 
before 


/ TIRE 7 aA 
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before proceeded to M) be now refracted 
into HP, and the Ray AV will at K be 
refracted into K Z; draw the Line I L, and 
it will interſect the Ray H in X, and XZ 
will be the Image of the Object B f. All 


this we have demonſtrated in the Optical 
Lecture. 


LET this Image be viewed by the Eye- 


Glaſs U S, whoſe focal Diſtance T Z or 


TP may be ſuch that the Ray HP may be 
now a ſecond Time refracted at U into 
Q; parallel to MO or LP draw TX, 
which will alſo be parallel to U Q, then 
will the Image Z X, or rather the Part of 
the Object B f, be ſeen under the Angle 
T QL equal to MO P, as at firſt. 
Now it is evident, that were the Glaſs 


Us alone by itſelf, the Indiſtinctneſs of 


Viſion would be inverſely as T Q , for that 
would then be the focal Diſtance of the 
Glaſs; but now this Glaſs T U, in Com- 
poſition with the other Lens H I, ſhews 
the ſame Image under the ſame Angle and 
Aperture with the focal Diſtance TP; the 


Indiſtinctneſs of Viſion therefore now will 


be inverſely as TP; or, in other Words, 
the Diſtinctneſs of Viſion in the firſt Caſe 
by a ſingle Glaſs will be to the Diſtinct- 
neſs of the Glaſſes in Compoſition as T Q 
to T P, or the Image will appear ſo much 

CEE * diſtincter 
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diſtincter by the two Glaſſes HI and US 
together, than it would do by the ſingle 


Eye-Glaſs MN alone, in Proportion as 


T P is greater than T Q; all which is evi- 
dent from the foregoing Principles of Optics. 
WII reſpect to the Lens A E D, if it 


be a ſmall one, and the focal Diſtance 


C F be ſhort, then will it repreſent the 
Object-Glaſs of a Microſcope, and the ſmall 
Object O B will be viewed to much greater 
Advantage by Means of the two Eye- 
Glaſſes Hl and US, than by a ſingle Eye- 


Glaſs alone MN. Whence the Reaſon is 


evident of the uſual Conſtruction of this 
Inſtrument, as we have before ſhewn. 


Bur if AED G be the Object-Glaſs of 


a Teleſcope, and F C its Focus, then will 


O B repreſent a diſtant Object, whoſe 


Image W L is that which is viewed by a 


ſingle Eye-Glaſs M N in what 1s called the 
Aſtronomical Teleſcope ; but this Image is 
more diſtinctly viewed by two Glaſſes I and 
T, than by one alone; and therefore ſuch 
a Teleſcope ſhould conſiſt at leaſt of three 
Glaſſes. 

| In the common Teleſcope the Image 
L W is conſidered as an Object, and ano- 


ther Image 1s formed of it, as was ſhewn 
in Figure 8 of Plate XLVIII. And as we 


have now ſhewn that each Image requires 


the 
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the Addition of a Lens to ſhew it more 
diſtinctly, inſtead of the three Eye-Glaſſes 
which you there ſee repreſented in a com- 
mon Teleſcope, there ought to be the Addi- 
tion of two more, or five in all, next the 
Eye, to ſhew the Object to the beſt Advan- 
tage, Theſe, together with the Object- 
Glaſs, make fix Glaſſes in all, in e 
of the beſt Sort. 

Ix ACD repreſent the ſmall Speculum 
of a Reflecting Teleſcope, then will O B be 
the Image formed by the large Speculum 
before it, and I, T, will be the two Glaſſes 
contained in the Eye-Piece of a RefleCting 
Teleſcope. And, indeed, with a little Re- 
flection it will appear, that if two Glaſſes, 
by breaking the Refraction into two Parts, 
is an Advantage, three Glaſſes will be more 
ſo, and therefore in ſome Caſes might be 


ſucceſsfully applied. | 
Alſo ſince tne Diſtinctneſs of Viſion is 


by a Compoſition of Glaſſes promoted, 
the Aperture of the Glaſs next the Eye may 
be ſomewhat encreaſed, and conſequently 
the Field of View thereby enlarged, which 


is the great Advantage of the Six-Glaſs 
Teleſcope. 


We ſhall now give the analytical Inveſti- 
gation of the focal Diſtance of the three 
Glaſſes; in order to which, 


Cc 3 = 
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Let FIP, the Focal Diſtance of the 
Glaſs HI. 

y= TP, the focal Diſtance of 2 
Glaſs U 8. 


x = PO, the focal Diſtance of the 
Lens MN. 


And becauſe the Image WL is to be con- 


ſidered as an Object with 0 to the Glaſs 
HI, therefore put IV d, and I & =o, 


and we ſhall have Fa, 5 7 =Ff, (as we have 


: ſhewn 1 in Auer. CXXV.) and from hence | 


Bur bbtanfe the ſimilar Triangles I Z X, 
IVL, and ITX, IPL, we have /: d: 
FP: IXIL :: IT: 
IP::f+y:d+x; conſequently /: d:: y 


: x. Therefore 4 . Ons Hence 
| 9 F—Ff 


Fx—F 
We get 7 = _ — — N (by put- 


ting DT =I.) Whence laſtly, x = 
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By theſe Theorems we ſolve any Problem 
relating to the Compoſition of Glaſſes for 
any given Power of Magnifying. For In- 
ſtance, ſuppoſe the focal Diſtance x of the 
Lens MN, were 14 Inch, and that of the 
large Glaſs H I, viz. F = 3, to find the 
focal Diſtance y of the Lens US, that is 


to be combined with it at the Diſtance D 


= 2 Inches, that ſhall magnify juſt as much 
as the fingle Lens MN. We have the 
Anſwer by the ſecond Theorem, where 
x.= 1,5; F= 3, and D=2; hencey = 
3X I,6— 1,5 X2_ =&5=3= 
ji. 59 155 
focal Diſtance of the Lens US muſt be 


one Inch. If D=1, theny=2; and if 
D:= e, then XY. = 4 IE 


1. So the 


VI. Of the latter Improvement of REFRACT= 
ING and REFLECTING TELESCOPES. 


EsIDEs the laſt mentioned Conſtruc- 
tion of Teleſcopes, which is to be 
looked upon only as a Correction of Di- 
optric Inſtruments, there is of late another 
Improvement ſtill greater, which tends not 
only to leſſen the Aberration of Rays in 
refracted Light, but even to prevent any 
ſenſible Effects ariſing therefrom; and this 


04 is 
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is done by Means of a double or treble Ob- 
je&-Glaſs in all thoſe Inſtruments, where an 
Object is viewed by Means of its Image 
formed by refracted Light. The Conſtruc- 
tion of a Teleſcope for this Purpoſe with 
two Object-Glaſſes in Fig. 3. where AB CD 


is a plane Concave Lens of what is called 
white Flint Glaſs, and C DE a double Con- 
vex Lens of green or Crown Glaſs; by 
Means of the different refractive Power of 
theſe two Sorts of Glaſs and their unequal 
Figures, it comes to paſs that all the Rays 
of Light incident upon thoſe Glaſſes from 
diſtant radiant Objects, will paſs through 


them in ſuch a Manner, that whatever Ab- 


erration is occaſioned in the heterogeneal 
Rays in Refraction through the firſt Glaſs 
is ſo far corrected by the ſecond, that thoſe 
Rays emerge from it nearly parallel among 
themſelves, and are converged to one Focus 
(F) forming an image I M, not ſenſibly com- 
pounded or coloured, and therefore more 
perfect and diſtin when viewed by the Eye- 
Glaſſes than that can be which is made by 
a ſingle Object-Glaſs. 

Now, if thoſe two Glaſſes could abſo- 


lutely prevent the Aberration of Rays, or 


produce an Jmage entirely free from Con- 
fuſion and Colours, then only three Eye- 
Glaſſes 


—:: K ˙ . 
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Glaſſes would be neceſſary to view it, viz. 
E, G, H; for fince, according to common 
Optics, the Lens H corrects the Errors 
ariſing from Refraction in the Lens E; 
therefore if the Image IM be perfect, 


the ſecond Image KL will be fo likewiſe, 
and therefore may be viewed diftin& and 


without Colours by the Eye-Glaſs, or 
Lens G. 


But we always find in the Coaftryttita 


of thoſe Teleſcopes five Eye-Glaſſes, as they 


are uſually thought to be; though if you 
examine them, the Poſition of the firſt will 
be found within the focal Diſtance of the 


Compound Object- Glaſs, and therefore co- 


operates with it in forming the Image of 
external Objects; which Image, therefore, 
cannot be ſo purely achromatic as it would 


be if it were formed by the Double Object- 
Glaſs alone. 


Not only ſo, but the focal Diſtance of 


that achromatic Object- Glaſs is by means of 
this Lens ſomewhat ſhortened, and the ma g- 


nifying Power of the Teleſcope thereby di- 


miniſhed. I can ſee no Reaſon for the Poſi- 


tion of this Lens within the ſaid Focus of 
the Object-Glaſs, ſince, if all the five Eye- 
Glaſſes were placed without it, the ſame ex- 
tepkye and more perfect Field of View would 


be 
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be obtained, and at the ſame time the Tele- 
{cope would magnify more, and be zruly 
achromatic, which now, ſtrictly ſpeaking, it 


really cannot be. But for more Satisfaction 


in this Matter, I ſhall refer the Reader to my 
New ELEMENTS of Achromatic Orrics, 


in Six PARTS. 


VII. The Nature of VisUAL GLAszs ex- 


plained, and ſhewn to be an Improvement of 
Common Spectacles. 


N the firſt Edition of this Treatiſe I had 
no Occaſion to make Uſe of Spectacles, 
and therefore did not ſo thoroughly con- 
fider their Nature, Form, and Uſe, as ſince 
that I have done. It appears to me very 
wonderful, that an Inſtrument of the moſt 
common and neceſſary Uſe, ſhould have 
continued ſo long of a Form or Make quite 


_ contrary to that which the Theory of Op- 


tics and the Nature of Viſion require, and 
yet paſs unobſerved by thoſe who uſe them, 
and uncenſured by thoſe who have wrote on 
this Subject; eſpecially if it be conſidered 
that the erroneous Conſtruction is in itſelf 
moſt obvious, and in its Effects very preju- 
dicial to the Sight. 
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TRE Fault of the common Spectacles 
conſiſts in two Particulars, viz. iſt, The 
Largeneſs of the Aperture or Diameter of 
the Glaſſes; and, adly, their oblique Poſi- 
tion to the Axis of the Eye; both which 
muſt in time have a very ſenſible Effect 
upon the Texture of that curious and de- 
licate Organ of Sight, the ExE. But the 
Harm we receive being not immediately ſen- 
ſible, is not conſidered by common People, 
and therefore not regarded; and when at 
length they find their Eyes weakened and 
impaired, they reckon it as the natural Con- 
ſequence of Age, without being apprized 
how far their Glaſſes have contributed to 
produce that Effect. 

THAT the Area of the Glaſſes in common 
Spectacles is viſibly larger than is neceſſary, 
no Body will diſpute, when they conſider 
how ſmall the Pupil of the Eye is when 
compared therewith; and that no more 
Light can be uſeful than that which enters 
the Pupil. Suppoſe, for Inſtance, the Pu- 
pil of the Eye were + Part of an Inch 
4 in Diameter (which is larger than any 1 
If have yet obſerved) and that the Glaſs be one 
Inch and a half in Diameter, then will the 
Area of the Glaſs be to that of the Pupil 
* as 225 to 4, which is more than 30 to by 

0 
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ſo that there is at leaſt 56 Times more Light 


upon the Eye than is neceſſary for the Pur- 


poſes of Viſton. 
Ir the Aperture of the Glaſs were no 
longer than that of the Pupil, though it 


would make the Object appear more dif. 


tint, there might not in all Caſes be Light 
enough to ſhew it ſo plainly as might be 
deſired; neither, as the Glaſſes are placed 
at a conſiderable Diſtance from the Eye, 
would there be a ſufficient Field of View. 
It is neceſſary, therefore, that the Aperture 
of the Glaſſes ſhould be larger than that 
of the Pupil; and it is well known by Ex- 
perience, that if the Aperture of the Glaſſes 
be: of an Inch, it will anſwer all Purpoſes 
of reading, working, &c. by them, and in 
this Caſe but r Part of the Light can come 
upon the Eye as goes to it through a com- 
mon Spectacle-Glaſs; and therefore by ex- 
cluding-three Parts out of four of the ſuper- 
fluous Light, muſt tend greatly to the Safety 
of the Eye, and procuring diſtin Viſion 
of the Object. 

Wnorvzx conſiders the great Force 
which the Action of Light has, and the ex- 
quiſitely tender and minute Veſſels in the 
Compages of the Eye (exceeding that of 
any other Part of the Animal Syſtem) will 

| not 
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not wonder, that if by ſo great a Quantity 
of Light which is thrown upon old Eyes 


by very convex Glaſſes, they ſhould become, 


debilitated, weak, and watery in the Courſe 


of a few Years. So potent a Cauſe as 
that of Light by the Conſtancy of its Ope- 
ration produces very conſiderable Effects, 
though by very flow Degrees. The con- 
ſtant Dripping of Water will in a Courſe of 
Time excavate the hardeſt Stone, though its 
immediate Effects be not in the leaſt diſ- 
cernible, nor any Thing more conſidered 
than the Action of Light upon the Eye. 
Tre Difference then between the Vi- 


397 


ſual Glaſſes is as repreſented in Figure 4. pig. 4. 


where AB is the open Glaſs, as in com- 
mon Spectacles, and CD the Glaſs of a 
reduced Size in the Viſual Form; the dark 
Part between that and the Steel Frame 
EF is a Black Zone or Circle of Horn in 
which the Glaſs is placed, and ſerves at the 
ſame Time as a Safe-guard and Defence to 
the Eye againſt extraneous Light. 

Tur ſecond Thing in which the com- 
mon Spectacles are molt egregioully faulty, 
is their being placed direct before the Eye, 
or both in the ſame Plane, by which Means 
the Axes of the Glaſs and thoſe of the 
Eye make a conſiderable Angle with each 


other 
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other; whereas they ought to coincide, or 


the Glaſſes ſhould be ſo placed before the 
Eye in two Planes equally inclined, that 


their Axes may both unite in the Object to 


which the Eye is directed, and they become 
one with the Axis of the Eye. To illuſ- 
trate this, let AB be the two common 


Speclacle-Glaſſes, whoſe Axes A C and BD 


are parallel, and thereby directed to Ob- 
jects only at an infinite Diſtance, quite 
contrary to the Deſign of theſe Glaſſes, 
which is to ſnew a near Object, as ſuppoſe 
G; then the Glaſſes E, F, are ſo placed in 
the new viſual Form as to have their Axes 
tending to, and uniting in that Point G; 

by which Means they become coincident 
with the Axis of the Eye, and the Rays of 


Light are regularly and equally refracted 


to the Pupil ; and conſequently the Viſion 
or Appearance of an Object will by this 
Means be rendered the moſt natural and 


_ eaſy that it poſſibly can be. And indeed the 
Difference is ſo conſiderable, not only in 


itſelf, but likewiſe by Experience, that I 
may- venture to prognoſticate, that in a 
few Years time, after the Averſions which 
ariſe from Cuſtom, Intereſt, and Novelty 
are worn off, the common Spectacles will 


be looked upon as the Opprobrium of the 


Optical 
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Optical Science, and become equally in 
Contempt and Diſuſe; while the VISUAL 
GLassEs will approve themſelves the ge- 
nuine Reſult of Optical Philoſophy, and be 
uſed at leaſt by all the prudent and thinking 
Part of Mankind. Thoſe who would ſee 
a larger Account of this Matter may con- 
ſult my Eſay on Viſual Glaſſes, which has 
paſſed through four Editions, 


VIII. Deſcription and Uſes of the EquaTo- 


RIAL I ELESCOPE, or PORTABLE OBSER= 
VATORY, by Mr. James Short, F. R. 5. 
who firft adapted a Teleſcope tothis Machinery. 


"T*HIS Inſtrument conſiſts of two cir- 

cular Planes or Plates, marked A A, 
which are ſupported upon four Pillars ; and 
theſe are again ſupported upon a Croſs- 
foot, or Pedeſtal, moveable at each End by 
the four Screws BBB B: The two circular 
Plates AA are moveable, the one above 
the other, and ere called the horizontal 
Plates, as repreſenting the Horizon of the 


Plate; and upon the upper one are placed 


two Spirit-Levels, to render them at all 
times horizontal : Theſe Levels are fixed 
at Right-Angles to one another: This up- 
per Plate 1s moved by a Handle C, which is 

called 
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called the Horizontal Handle, and is di- 
vided into 360˙%, and has a Nonius Index 
divided into every three Minutes. 

Azovx this horizontal Plate there is a 
Semicircle DD, divided into twice 903 
which is called the Meridian Semiecircle, as 
repreſenting the Meridian of the Place, 
and is moved by a Handle E, which is 
called the Meridian Handle, and has a No- 
nius Index divided into every three Mi- 
nutes. 

Azevx this Meridian Semicircle is faſ- 
tened a circular Plate, upon which are 
affixed two other circular Plates FF, move- 
able the one upon the other, and are called 
the Equatorial Plates. One of them repre- 
ſenting the Plane of the Equator, is di- 
vided into twice 12 Hours, and theſe are 


ſubdivided into every 10 Minutes of Time. 


This Plate is moved by a Handle G, called 
the Equatorial. Handle, and has a Nonus 
Index for ſhewing every Minute. 

ABove this Equatorial Plate there is a 


Semicircle H H, which is called the De- 


4 clination-Semicircle, as repreſenting the 
HFlalf of a Circle of Declination, or horary 


Circle, and is divided into twice go *, be- 
ing moved by the Handle K, which is 


called the Declination-Handle, It has alſo 
a Nonius 
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a Nonius Index for ſubdividing into every 
three Minutes. 

ABOVE this Declination-Semicirele is 
faſtened a Reflecting Teleſcope LL, of the 
Gregorian Conſtruction, the focal Length of 
its great Speculum being 18 Inches. 

IN order to adjuſt the Inſtrument for 
Obſervation, the firſt Thing to be done, is 


to make the Horizontal Plates level or ho- 
rizontal, by means of the two Spirit-Levels, 
and the four Serews in the Croſs-Pedeſtal. 


This being done, you move the Meridian 


Semicircle, by means of the Meridian Han- 
dle, ſo as to raiſe the Equatorial Plates to 
the Elevation of the Equator of the Place 
which is equal to the Complement of the 
Latitude (and which, if not known, may 
likewiſe be found by this Inſtrument, as ſhall 
be afterwards ſhewn). And thus the Inſtru- 
ment is ready for Obſervation. 


To find the Hour of the Day, and Meridian 
of the Place. 


FirxsT find, from aſtronomical Tables; 


the Sun's: Declination for the Day, and fot , 


that particular Time of the Day; then ſet 


the Declination-Semicircle to the Declina- = 


tion of the Sun, taking particular Notice 
whether it is North or Squth, and ſet the 
Declination-Semicircle accordingly, 
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You then turn about the Horizontal 
Handle, and the Equatorial Handle, both 
at the ſame time, till you find the Sun pre- 
ciſely concentrical with the Field of the 
Teleſcope. If you have a Clock or Watch 
at hand, mark that Inſtant of Time; and 
by looking upon the Equatorial Plate, and 
Nonius Index, you will find the Hour and 
Minute of the Day, which comparing with 


the Time ſhewn by the Clock or Watch, 


fthews how much either of them differ from 


the Sun. In this Manner you find the Hour 
of the Day. 


Now, in order to find the Meridian of 


the Place, and conſequently to have a Mark, 


by which you may always know your Meri- 


dian again, you firſt move the Equatorial 


Plate, by means of the Equatorial Handle, 
till the Meridian of the Plate or Hourline 
of 12 is in the Middle of the Nonius Index; 
and then, by turning about the Declination- 
Handle till the Teleſcope comes down to the 
Horizon, you obſerve the Place or Point 


which is then in the Middle of the Field of 


the Teleſcope; and a ſuppoſed Line drawn 


- from the Centre of this Field to that Point 


in the Horizon, is your Meridian Line. 
The beſt Time of the Day for making this 
Obſervation for finding your Meridian, is 

about 
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about three Hours before N oon, or as much 
after Noon. The Meridian of the Place 


may be found by this Method ſo exact, that 
it will not differ at any time from the 
true Meridian above 10 Time; and if a 
proper Allowance be made for the Refrac- 
tion at the Time of Obſervation, it may be 
found much more exact. This Line thus 
found will be of uſe to ſave Trouble after- 
wards ; and is, indeed, the Foundation of 
all aſtronomical Obſervations; 


To find a Star or Planet in the Day-time, 
even at Noon- Day. 


Tux Inſtrument remaining as reQified 


in the laſt Experiment, you ſet the Decli- 
nation-Semicircle to the Declination of the 
Star or Planet you want to ſee ; and then 
you ſet the Equatorial Plate to the Right 
Aſcenſion of the Star or Planet at that 
time, and, looking through the Teleſcope, 
you will ſee the Star or Planet ; ; and after 
you have once got into the Field, you 
cannot loſe it : For, as the diurnal Motion 
of a Star is parallel to the Equator, by 
your moving the Equatorial Handle ſo as 
to follow it, vou will at any time, while 

D d 2 it 
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it is above the Horizon, recover it, if 1 i 
be gone out of the Field. 

THe eaſieſt Method for ſeeing a Star or 
Planet in the Day-time is this : Your Inſtru- 
ment being adjuſted as before directed, you 

bring the Teleſcope down ſo as to look 

directly at your Meridian Mark; and then 

WF. - you ſet it to the Declination and Right 
Aſcenſion, as before-mentioned. 

By this Inſtrument moſt of the Stars of 
the firſt and ſecond Magnitude have been 
ſeen even at Mid-day, and the Sun ſhin- 
ing bright; as alſo Mercury, Venus, and 

Jupiter: Saturn and Mars are not ſo eaſy 

o be ſeen, upon account of the Faintneſs of 

their Light, except when the Sun 1s but a 
few Hours above the Horizon. 

AND in the ſame Manner in the Night- 

time, when you can ſee a Star, Planet, or 
| any new Phenomenon, ſuch as a Comet, 
you may find its Declination and Right 
Aſcenſion immediately, by turning about 
the Equatorial Handle, and Declination- 
Handle, till you ſee the Star, Planet, or 
Phznomenon ; and then, looking upon the 
Equatorial Plate, you find its Right Aſcen- 
ſion in Time; and you find upon the Decli- 
nation-Semicircle, its Declination in Degrees 


and Minutes. 


IN 
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In order to have the other Uſes of this 
Inſtrument, you muſt make the Equatorial 
Plates become. parallel to the Horizontal 
Plates; and then this Inſtrument becomes 
an Equal Altitude Inſtrument, a Tranfit In- 
firument, a Theodolite, a Quadrant, an Axi- 
muth Inſtrument, and a Level. The Manner 
of applying it to theſe different Purpoſes is 
too obvious to need any Explanation: 

As there 1s alſo a Box with a magnetic 
Needle faſtened in the lower Plate of this 
Inſtrument, by it you may adjuſt the In- 
ſtrument nearly in the Meridian ; and by it 
likewiſe you may find the Variation of the 
Needle: If you ſet the Horizontal Meridi- 
an, and the Equatorial Meridian, in d 
Middle of their Nonius Indexes, and direct 
your Teleſcope to your Meridian Mark, 
you obſerve how many Degrees from the 
Meridian of the Box the Needle points at; 
and this Diſtance or Difference is the Varia- 
tion of the Needle. 
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BSOLUTE Weight of Bodies, what, i. 84 n. 
"1 Motion, what, i. 88 and 89 n. * 
ccelerated Motion, what, i. go. How produced, i. 
o n. 
Albeßen, conſiderable Inſtances of, i. 19, 64 n. 
Eolipile, Uſe and Nature of in producing Steam, ii. o n. 
Whence its Name, ii. go n. Conſtruction of, ibid. 
Caution in uſing, ii. 91 n. Its Force in burſtin 
calculated, ii. 92 n. Notable Inſtances of the Force 
of elaſtic Steam, ii. 93 n. What Uſes it might be 
applied to, ii. 94 n. Trials with Water, ii. ibid. 
= 7-4 Ee | | 
Aerial Pulſes. See Pulſes. 

Aras, what and how many, iii. 240. Of the Argonau- 
tic Expedition ſettled by Sir Iſaac Newton, iii. 249. 
Air, Preſſure of, cauſes the Riſe or Motion of Fluids, 
ii. 39. Exemplified in a Syphon, ii. 40. External, 
when electrical, i. 72. Generally eſteemed a Fluid, 
ii. 183. In what Reſpects different, ibid. In what 
Senſe incongea/able, ii. 114 n. Has a fixed State, ibid. 
Alternate Tra nſmutation of evident from Experi- 
ments, it. 115 n. How produced, ibid. of, 
. C what, 


IN D E X. 
what, ibid. Its Weight manifeſt from Reaſon and 


Experiments, ii. 121 . Whence, according to Sir 
Jaac Wezuton, ii. 119 n. An Element of Bodies, ii, 
120 n. Table of, ibid. Gravity of indicated by the 
Mercury in the Barometer, ii. 125 n. Spring of to 
what owing, it. 122, Common Experiments for 
ſhewing, ii. 129. Its Force of Repulſion exhibited, 
ii. 135 n. Its Denkity why different at different Al- 
titudes, ii. 135. How decrealing upwards, it. 137. 
If of equal Denſity the Height of the Atmoſphere 
might be determined, ii. 129. But decreaſing with 
the Preſſure becomes indefinite, ii. 141. Altitude 
of how determined, ii. 142. Its Denſity limited, ii. 
143 n. Its Rarity limited, ibid. Two different Den- 
ſities of found by Experiment, it. 144 n. Its Rare- 
faction inveſtigated by Sir ſaac Newton, ibid. Boun- 
dary of where fixed, li. 157 n. Method for diſcover- 
ing the Altitude of, ibid. Mean Gravity of, what, 
ii. 150 n. How affecting the animal Functions, ib. 
Weight of proved by many Experiments, ii. 155. 
The Preſſure of in raiſing Water how evinced, ii 
156. Spring of demonſtrable by varicus Experi- 
ments, ii. 157. Uſes and Conſequences of, ii. 
173. Neceffity of in ſeveral Particulars, ii. 174, 
Heat and Cold in are indicated by the Thermo- 
meter, ii. 180. Spring of affected by Heat and 
Cold, ii. 181. n. Rarefaction of in the Recipient of 
an Air-pump calculated, ii. 195 n. Table of, ii, 
196. Direction of from E. and N. the Effect of, 
ii. 209. Verified in the general Trade-winds, ibid, 
Waves of, what, ii. 228. | 
Air-Gun deſcribed, ii. 189 n. 
Air-Pump, common, deſcribed, ii. 190. Portable de- 
ſcribed, ii. 193. | 
Altitudes of Mercury, or Water, Table of, ii. 139 n. 
Of the Air how determined, ii. 142. Of the Sun or 
Stars, what, iii. 249. 
Amplitude, horizontal, of Projection, i. 129. Different, 
of a Projectile, 1. 130. Ortive and Occaſive, what, 
ii. 286 n. 
Amphiſcii, who, iii. 282. | 
Analyſis in Natural Philoſophy, what, i. 4 n 
D d 4 Anemeſcope, 
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Anemoſcope, Deſcription of, ii, 211 n. Meaſures the 
Force of the Wind, ibid. | 


Angle under which the Earth's Semidiameter appears 
at the Sun determined, 11. 109 n. 
Angle of Incidence. See Incidence. 


Anomaly equated or true, how found from the Mean, 
| lit. 161 n. | 
Antarctic Circle, what, iii. 176. 
Antipodes, who, iii. 282. 
Antœci, who, ibid. | 
Aphelion, what, ii. 102. Force of the Sun on the Wa- 
ters leſs in, ibid. Poſſeſſes different Points in the 
Orbits of the Planets, iii. 144 n. 
Apſides, Line of always in the ſame Poſition, ibid. 
Arch diurnal, or Length of the Day, by what repre- 
ſented, iii. 177. Nocturnal, or Length of the Night, 
Il. 170. ; | 
1 Screw for raiſing Water, ii. 66 n. Sphere 
the firſt Orrery and what, 1ii. 165 n. Mentioned by 
Cicero, ibid. Method of diſcovering the Fraud in 
Here's Crown, i. & ſeq. 
Argonautic Expedition, what, iii. 248, Era of ſettled 
by Sir 1ſaac Newton, iii. 249 & /egq. 
Artificial Magnets, how to make them, i. 75. Append. 
t Lect. I. 11 : 
Aſcenſion right, what, iii. 256. Oblique, what, ibid: 
* Difference, what, iii. 356. 
Mironomical Mr of Chronology by Sir Iſaac New- 
ton, In. 248. EPs | 
Atlantic Ocean, the Theory of the Tides verified in, 
ii. 96. | | 
Atmoſphere, Electricity of how obſerved in Winter, i. 
173. Height of how determined by Obſervations and 
Experiments, ii. 141. Whole, its Weight on the 
Earth inveſtigated, ii. 151 n. Affected by Attrac- 
tion of heavenly Bodies, 206. What Effect it has 
on the Wind, ibid. Of Matter what, i. 12. 
Attraction or Gravity, i. 13. Originally commu- 
nicated by God to all Matter, ibid. Manner in 
which exerted and the Means by which propagated 
unknown, ibid. The Propagation of its Virtue 
„„ | | accounted 
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accounted for by ſeveral Hypotheſes, ibid. Power 
of, is not to be defined, i. 14. In what it conſiſts, 
i. 15, Its Force generally decreaſes as the Squares 
of the Diſtances encreaſe, i. 16. Exemplified from 
EMuvia, ibid. Four different Sorts of, what, i. 17. 
Of Coheſion, eight Laws of, ibid. Proved by Ex- 
periments, ib. ſeg. et n. And Repulſion illuſtrated, i. 
18. Seven Conſequences from, ibid. et ſeg. Ex- 
emplified by Experiment, i. 19. Sphere of, proved 
by Experiments, i. 22. Of Coheſion, i. 24 et ſeg. 
Accounts for moſt of the Phænomena in Nature, i. 39. 
Of electrical Bodies, i. 39. Fourteen Properties of 
ib. et ſeg. In the heavenly Bodies, proved to of 
the electric Kind by an Experiment, i. 41. Magnetic, 
its Law aſcertained, i. 47. Four Laws of, ib. Con- 
ſequences from, particularly a Vacuum, i. 83. In 
what Manner different from that of Coheſion, i. 82. 
Its Force as to Senſe the ſame for any Diſtance near 
the Earth, i. 83. In great Diſtances decreaſes very 
ſenſibly, ibid. 'A Cauſe of the Motion of Fluids, 
ii. 91. | Illuſtrated in the Tides, ib. et ſeg. 1 
Autumn, Middle of when, iii. 190. S 
Autumnal Tides accounted for, li. 96. 


Axis in Peritrochio, what, i. 156. Of the Earth. Sec 
Earth. 15 of 


Azimuth, or vertical Circles, what, iii. 286 n. 
B. 


BAlance, what, and the ſeveral Kinds of, i. 165. Pro- 
portional, what, i. 169 n. Hydroſtatic Uſe and 


Deſcription of, i. 282 et ſeg: Common Improve- 
ment of, i. 297 n. 


Barker, Dr. the Conſtruction of his new invented Mill, 
1. 215 h. ; 
Barometer, what, ii. 132 n. Simple Structure of one 
— Exhibited, ibid. Rationale of, ibid. et ſeq. Suſ- 
penſion of the Mercury in the Tube, to what owing, 
li. 124 n. Its Riſing and Falling indicates the Air's 
Gravity, ibid. Wheel, Deſcription of, ii. 127 n. 
Z To Pendant, 
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Pendant, Deſeription of, ii. 127 n. Its Fault, ibid. 
Compound, by Mr. Rowning, ii. 128 n. By Mr. 
Caſcvel!, deſcribed, ii. 130 n. Common, meaſures 
the Gravity of the Air belt, ii. 131 n, The Utes of, 
ii. 132 n. 

| Bar 16 in Wurwiclſbire, Account of a Water-mill at, 

i. 208 n. | | 
Bees, their Cells geometrically conſtructed, i. 234 n. 
Beighton, Mr. his Table of Experiments for the Power 

of Fire-engines, ii. 84 n. 

Bellows, Theory of, ii. 217 n. 

Bernovilli's Barometer, ii. 126 n. 

Bifſextile, why ſo called, iii. 238. 

Bladder, blown, Experiment on for ſhewing the Elaſti- 

city of the Air, ii. 135. 

Blackne/s, what, ii. 362 n. Conſequences from, ib. 
Bodies, particular, conſiſt of the ſame Matter, i. 3. 
Jo what Elements reducible, i. 5. With one and 

two Dimenſions how expreſſed, i. 6. Common Pro- 
perties of, what, ibid. Platonic, Number of, i. 9 n. 

Property of, ibid. Regular, Number of, ibid. Tables 
of tor the Coheſion of various, i. 23 n. Hardneſs of 
accountea for, i. 32 n Electrigal Attraction of, i. 39. 
Attraction in the heavenly of the electric Kind, ac- 
cording to the Experiment of Mr. Gray, i. 41 n. 
Weight of Matter in, how exprefled, i. 48 n. Abſo- 
Jute Weight oh, what, ibid. Deſcend by Gravity in 
right Lines, i. 85. Why with equal Velocity, ib. n. 
Farther Illuſtratian of, i. 86. Forces with which a 
Body is attracted on two Spheres of the fame Den- 
tity, i. 87. Forces of, are as the Number of at- 
tracting Particles, ibid, Gravity of, decreaſes with 
the Diſtance from the Centre, ibid. Proje&ed up- 
wards, Oviervations on, i. 91 n. Free Deſcent of in 

Facuc, i. 308. Properties of, i. 16, 111. Deſcent of 
on inclined Planes and Curve Surfaces, i. 111. Con- 
pected iogether, the Centre of Gravity in, i. 156, 
157. Force of, famous Controverſy about, i. 241. 
1 ranſparent Parts of, reflect Rays of one Colour 
anc :ranſmit thoſe of another, ii. 358 n. Sizes 3 

| NT 
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the Particles indicated by their Colours, ii. 260 n. 
See Motion, Momentum, and Velocity. : 

Body, Circulation in the human, how accounted for, 
"i 46 8. 3s Forces with which it is attracted with 
on two Spheres of the ſame Denſity, but unequal 
Bulk, i. 87 n. Animal, a curious Hydraulic Ma- 
chine, ii. 36 n, Of a middle-ſized Man; what 
Preſſure upon, ii. 151. How counterbalanced, ii. 


ibid. Sonorous, how its Parts propagate Sound, 


ii. 220. How affected by the Air, ibid. The 
Tremours of, how propagated, ii. 227. Sonorous 

how agitating the contiguous Air explained an 

demonſtrated, ii. 232 n. | 7 5 
Boerhaave, Dr. Experiment to prove the Weight of 
Light inſenſible, ii. 227 n. | 1 
Boetius Seuerinus, Orrery contrived by, iii. 16 n. 


Bouguer's direct and geometrical Computation of all 


the Phznomena of a Comet moving in any conic 
Section, ili. 214 n. s 

Boyle, Mr. Experiments of, ſhewing the Generation of 
Air from terreſtrial Subſtances, ii. 115 n. Recom- 
mends Hydroſtatic Knowledge, i. 316 n. 

Bradley, Dr. his Diſcovery of the Aberrations of the 
fixed Stars, ii. 278 n. 

Brooks, how formed, ii. 15 n. | 
Burning-glaſſes, Nature of accounted for, ii. 285 n. 
Lunar Rays in the Focus of, produce no ſenſible 
Heat, 289 n. et ſeg. Point, what, iii. 15, 16, 


C. 


Amera obſcura, what, iii. 78. 

Campana Urinatoria. See Diving-Bell. 

Canton, Mr. electrical Experiments by, i. 52, 67. 
Capillary Hypotheſis of the Origin of Springs inſuf- 
ficient, ii. 11 n. Glaſs Tubes, Phænomena of with 
Water accounted for, i. 32 n. Heights of the Fluid 
in different "Tubes inverſely as the Diameters de- 
monſtrated, i. 25 n. With Quickſilver the Phæno- 
mena are the Reverſe of that with Water, i. 26 n. 
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Conſiderations to be regarded in the Riſe of Fluids 
in, i. 27 n. Table of Experiments on various Fluids 
in, i. 28 n. Extraordinary Phænomenon in accounted 
for, i. 29 n. Phænomenon curious, accounted for, 
. 

Coffin Barometer, ii. 126 n. Five Satellites of Sa- 
turn diſcovered by, iii. 127 n. | | 
Cafwell, Mr. Deſcription of his Barometer, ii. 130 n. 
Not fit for common Uſe, why, ii. 131 n. | 

Catalogue of the Stars, iii. 202 n. 

Catenarian Curve, if inverted, the beſt Form for an 

Arch, i. 234 n. 

Catoptrics, what, iii. 2 n. 

Cauſes for the Deſcent or Riſe of Fluids, ii. 2. 

Caventhſh, Earl of, a curious Conſtruction of Thermo- 
meters by, ii. 187 n. 

Central Forces, i. 133, 130. 

Centre of Oſcillation, what, i. 122. Of Magnitude, 
what, i. 148. Of Motion, what, ibid. Of Gra- 
vity, what, ibid. Sole Principle of mechanical Mo- 
tions, ibid. Len Properties of, i. 149. Several 
Phznomena ſolved by, ibid. et ſeg. Several Parti- 
culars of demonſtrated, i. 150, et ſeg. Of Gra- 
vity in Bodies connected together, what, i. 150. 
Of the Earth and Moon, i. 157. Of the Sun and 
Planets, ibid. Several Particulars of demonſtrated, 
i. 157 n. et ſoq. Common, the Cauſe of ſeveral 
Phenomena, i. 158. 

Centrifugal Force, what, 1. 135. 

Centripetal Force, what, 1. 136. 

Chamber, dark. See Camera obſcura. 

Charts and Maps, philoſophical Principles of, iii. 306 n. 

Chord, Muſical, a ſingular Property of, ii. 264. De- 
monſtrated, ibid. et ſeg. | 

Chronology, Aſtronomical Principles of, by Sir 1/aac 

- Newton, iii. 248. _ 

Cicers's Deſcription of Poſidonius the Stoic's Orrery, iii. 
166 n. — | 

Cimento, Academia del, Miſtake about the Velocity of 

Sound, to what owing, ii. 238 n. 

Circle and Index Horary, iii. 177. 


Circular 


1 N . 

Circular Motion of, 122. Properties, what, i. 136 

Circulation, how accounted for, 1. 35 n. © 

Claudian's Deſcription of Archimedes's Sphere, lit. 
165 n. 

Climate, what, iii. 281. | 

Clock, Mechaniſm of the Parts of, i. 197 n. Machi- 
ny of the ſtriking Part, i. 198. Deſcending on an 
inclined Plane, i. 199 n. Mechaniſm of, ibid. ef 
ſeq. Made to aſcend on the ſame inclined Plane 

dy M. de Gennes, i. 201n. 

Clouds, Electricity from, how diſcovered, i. 71. Ex- 

riments on, ibid. 

Coheſion, Laws of the Attraction of, i. 17. Of various 
Bodies, Table of Weight to ſeparate, i. 20. n. et 
ſeq. The Attraction of, ſolves ſeveral Phznomena, 
i. 24. i. 32. 

Cold, a general Cauſe of Wind, ii. 203. 

Colours, Seven original ſimple ones, ii. 313. Harmonic 
Proportions of gave the curious Hint of viſual Muſic, 
ii. 321 n. How difcovered by Sir Jſaac New- 
ton, ii. 325. The Objects of any of the ſimple 
ones, when viewed through a Priſm, what the Ef. 
fect, and what the Images of them formed by a Lens, 
ji. 322. Demonſtrated in ſeveral Particulars, ii. 
323 n. Rings of the various Phænomena of ſhewn 

y Experiments and demonſtrated, ii. 341 n. How 
produced, illuſtrated and demonſtrated, ii. 347 n. 
Science of truly mathematical, ii. 353 n. Sir * 
Newton's Definitions and Precautions about the Doc- 
trine of, ii. 354 n. Different Sorts of, ii. 254. Theo- 
ry of compounding and decompounding in ſeveral 

_ Inſtances, ii. 363 n. | 

Colures, EquinoCtial and Solſtitial, what, iii. 175. 

Mean Place of found by Sir 1/aac Newton, iii. 249. 
That of the Summer determined, iii. 250. 

Comets, revolve about the Sun in Eccentric Orbits, iii. 
105. And Planets, what Properties of circular 
Motion obſerved by, i. 137. That of 1682, 
1758, the Tract of exhibited, iii. 198. Se- 
veral Affections of ſhewn and demonſtrated, 


a ili. 


IN DE K. 


ii. 203 m et ſeg. Tails of, how formed, iii. 
203 n. Figure of, 204, ibid. Aſcent to what 
owing, iii. 204 n. Have no perceptible hori- 
zontal or diurnal Parallax, iii. 204 n. But an an- 
nual Parallax, iii. 205 n. Different Motions of, 
ibid. Move in Conic Sections round the Sun, iii. 
205 n. Their Orbits Elliples; ibid. Periodical 
Times of, ibid. Its Motion may be calculated in a 
Parabolic Orbit, iii. 206 n. Velocity of, in Peribe- 
helio, ibid. er ſeg. Phenomena of one moving in a 
Parabola near the Vertex, ili. 217 n. Difficulty of 
computing its Periodical Time, iii. 217 n. Table 
of Longitude and Latitude of, iii. 218 n. 

Cometarium what, iii. 198. Structure and Rationale 
of, * 205 n. | : | 

Cometograpby Newtonian, a Compendium of, iii. 203 n. 

Condenſer, Gage of, what, ii. 198 n. 

Conduits ſupplied from Springs above them, ii. 5. De- 
monſtrated, ii. 6 n. 

Conformation of the Eye various, iii. 32 n. 

Conic Sections, Refraction in Curves of, demonſtrated, 
111. 18 . | a ; 

Conjunctions and Oppoſitions of the Planets, iii. 134: 
Between two of Venus, iii. 141 n. 

Conſtellations, when invented, iii. 255 n. Catalogues, 
ſeveral of, ibid. Flamſteed's the chief, iii. 256 n. 
Of the Twelve Signs, iii. 257. Of the N. Hemi- 

ſphere, iii. 258, et ſeg. Of the S. Hemiſphere, 260, 
ibid. 1 | 

Continent, what, iii. 28 3. | 

Controverſy, a famous one, whether the Force of Bo- 
dies in Motion ftriking each other, be proportion- 
able to the ſimple Velocity, or the Square of 
the Velocity? i. 241 n. Metaphyſical Di- 
ſtinction of vis viva and vis mortua conſidered, 
242 n. et ſeq. ibid. Another Diſtinction between 
Force and Preſſure, examined in every poſſible Caſe 
where the Force of Bodies can vary, i. 244 n. Un- 
ſupported alſo by Experiment, i. 246 n. Cavities 
made in ſoft Clay by falling Bodies not to the Pur- 


pole; and why, i. 246 n. 
:. Con 


8. 6 © Ip © 


Copernican or Pythagorean Syſtem, iii. 97. Why fo 
called, ii. 103 n. By whom adopted, ibid. 

Cornea. See Eye. | 

Crane. See Syphon, 

Crepuſculum, where leaſt, and where greateſt, iii. 
184 n. | | 

Cry/talline Humour. See Eye. | 

Cupping accounted for by the Spring of the Air, ii. 
177. 

Cen. Hyperbolic, formed by Water in Glaſs Planes 
demonſtrated, i. 25 n. Surfaces, the Deſcent of 
Bodies on, i. 111. See Motion. 

Cycle of the Sun, to find any Year of, exemplified by 
a Table, iii. 243, et ſeg. Metonic, wha!, iii. 244. 
Explained, ibid: et jeg. Of Induction, what, iii. 
240. How many, iti. 241. Of the Sun acccunted 
for, ibid. 

Cycloid, Nature and Uſe of in Pendulums and Time- 
keeping Inſtruments, 1. 118 n. Nature of illu- 
ſtrated, i. et ſeg. Several Particulars relating to 
a Pendulum, i. 21 n. Property of, i. 127. The 
Curve of quickeſt Deſcent demonitrated, i, 128 n. 
et ſeq. 


D. 


DA: natural, what, iii. 223. Solar, what, iii. 237. 

Sidereal, what, ibid. Illuſtrated and explained, iii, 

7 Begins difrereritly in different Parts of the 
orld, iii. 236. 

Declination and Inclination of the Needle, what, i. 46 n. 
Of the Sun and Stars, what, i. 256, 

Denſity, what, i. 84 n. Properties of, what, ibid. 
Of the Air different, and why, ii. 130. How it de- 
creaſes upwards, ii. 137. 

Derham, Dr. meaiured the Velocity of the Wind, 
Ii, 211 n. Table of Experiments made on Guns 
ar12 Miles diſtant, ii. 244 n. 


Deſaguliers, Dr. his 18 to the Fire- engine for 
c 


2 Water by Steam, exbibited and explaiucd, ii. 
n. 


Deſcent of Fluids, by what cauſed, ii. 2. Of Bodies by 
Gravity in what Direction, i. 83. See B94 is. 


De- 


* 


* 


. 


Deſeenſion oblique, what, iii. 256. | "WS 

Dial, Horizontal, what, iii. 271 . Direct S. and N. 
Vertical, Reaſon of, iii. 272 n. | 

Dialling, Theory of, iii. 69 n. | 

Diatonic Scale of Muſick, what, ii. 254. 

Dionyſian Period, what, iii. 247. Why called great 
the Paſchal Cycle, ibid. | 

Dioptrick Problems univerſal Method by Fluxions de- 
monſtrated in many Caſes, iii. 10 n. | 

Diopfrics, what, iii. 2 n. 

Dipping-Meedle, what, i. 42. ; 

Dijiillation, Dr. Hale's Method of producing Air by, 
ti. 116 n. | | 

Diſſolution of Metals accounted for, i. 38 n. 

Diverſity of Ratio's, is 7 n. | | 

Ditton, curious Property of Speculums diſcovered by, 
iii. 9 en. 

Diving- Bell, Uſe of, on what depending, ii. 174. 
Why in the Form of a Bell, ii. 175. Dr. Halley's 
Form of deſcribed, ii. 175 n. Inconvenience of, ii. 
178 n. Improvements in, ii. 178 n. Deſcription 

df Mr. Triewald's, ii. 179 n. 

Diviſibility of Matter, what, i. 9. An eaſy Demonſtra- 
tion of, i. 10 n. Another, ibid. 

Dominical Letters, what, and why ſo called, iii. 242. 

Drawing, an Obſervation for, taken from the Camera 
Obſcura, iii; 83 n. | 

Drop, ſpherical, of falling Rain, Phænomena of Reflection 
and Refraction in, illuſtrated, ii. 35 5. 

Drops of Glaſs, the Phænomena accounted for, i. 38 n. 

Duplicate Ratio, what, i. 7 n. 

: E; 
AR, curious Structure of, deſcribed, ii; 219 n. 
How Sounds are excited in the Mind, ii. 222 n. 

Earth, with its Moon, mean Diſtance of, iii. 116. Its 
Phaſis as appearing from the Moon, iii. 122 n. 
True Figure of demonſtrated, iii. 142 n. & ſeg, 

Earth's Orbit, why elliptical, iii. 144 N. 

£arth's third Motion repreſented by an Orrery, ili. 
109 n. Remarkable Phznomena, from the Motion 
of its Axis, iii. 170 n. & ſeg Conical Motion of 

the 
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the Axis of, inveſtigated by Sir 1/aac Newton, it: 

170 n. Shadow, to find Magnitude of, iii. 193 n. 
Method of meaſuring its Magnitude, iii. 292 n. 
Attempted in Holland by Snelling and Auſchenbroek, 
iii. 293. By Norwood in England, ibid. Its Figure 
whether an oblate or oblong Spheroid, iii. 294 n. 
N. Pole Menſuration of a Degree at, for determining, 
47 295 n. Axis, Phyſical Explieation of, iii. 351, 
ef ſeq. + | 0 | 

Eaſi Wind, under the Equator, ii. 207n. 

Ebullition and Heat accounted for, i. 37 n. 

Eccentricities of the Orbits of the Planets, iii. 144 n. 
Inconſiderable, iii. 152. Their Motions circular; 
iii. 153. 

Echo, what, ii. 239. Nature of, accounted for, ii. 
241 n. Of a fingle Sound obſerved by Dr. Derhamz 
ii. 244 n. Polyphonous Uſes of, ii. 244 n. 

Eclipſe of the Sun, iii. 196 n. Calculated when no 
Refraction alters the Latitude, iii. 198 n. et ſeg. 
Where it has any Latitude, iii. 197 n. et ſeg. On 
an Equinoctial Day repreſented, iii. 200 n. Lunar, 


conſtructed, iii. 201 n. Theorem for finding the 


Ecliptic Limit, iii. 202 n. 6 

Ecliptic, the Inclination of the Planets Orbits to, iii. 
108 n. What, iii. 173. Sines on the, Names of, 
ibid. | 

Effluvia, Magnetic, Method of rendering viſible, i. 
44 n. ; 

Elaſticity, to what owing, i. 33 n. „ 

Electrical Bodies, Attraction of, i. 39. Their Proper- 
ties, ibid. and i. 41 n. Experiments by Mr. Canton, 
i. 52, et ſeq. Queries concerning, 1. 62. Exhi- 
bited in an eaſy Manner, i. 63, et ſeq, Further 
Experiments by Mr. Canton, i. 67, et ſeg. Two 
Sorts of, i. 41 n. Difference of Vegetable and 
Animal Subſtances, ibid. et ſeg. Poſitive and nega- 


tive Powers of, how excited, i. 69. Of the Atmol- 


phere, may be obſerved in Winter, i. 73. From the 
Clouds in the open Air, how diſcovered, 1. 71. 
Elements to which Bodies may be reduced, what, i. 


Ele- 


* 
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Elevation of the Water in the Moon eſtimated by the 


Earth, ii. 110 n. : 
Elongation of the Moon, what, iii. 121 n. | 
Engine, Water, by Mr. Neruſbam, ii. 49. For rai- 
ſing Water by Fire, ii. 70, et ſeg. 


Epacis, what, iti. 238. 


Epagomenæ, what, ili. 238. | 

Epochas, what, and how many, iii. 240. 

Equable Motion, what, i. 89. How generated, i. 

On. 

Equinodlial, what, iii. 173. See Colures. 

Equinox, vernal, when, iii. 180. 

Evaporation, how accounted for, i. 34 n. 

Euler, Profeſſor, blames Sir Iſaac Newton's Computation 
of the Sun's Force in railing the Sea, ii. 105 n. 

Expanſion of heated Metals, what, i. 125 n. 

Exploſion. See Heat and Ebullition, 

Equinoxes or Eguinactial Points, what, iii. 175. Ver- 
nal and Autumnal, what, ibid. 

Eye, Defcription of its Parts, iii. 26. Section of, iii. 
27 n. Particular Deſcription of, ibid. Dimen- 

ſions of, iii. 29 n. Ratio's of Refraction in, ibid. 
Various Conformation of, iii. 37 n. The Flatneſs of 
the Cornea and Cryſtalline Humour, a Defe& in, iii. 
40. How remedied, ibid. 


| F. | 
FE rmentation, how cauſed, i. 26n. Dr. Haless Me- 
thod of generating and abſorbing Air, ii. 117 n. 
Principal 7 — abſorbing Air, ii. 119 n. | 
Figurability, a Property of Matter, i. 8n. 
Figure, ſpherical, of Fluids accounted for, i. 38 n. 
True of the Earth, i. 142. | 


Filtre, what, i. 35 n. Vegetation, accounted for by, 


ibid. Circulation in the human Body, ibid. In 
Wicks and other Bodies, i. 26. 
Fire, what, ii. 279 n. and ii. 281 n. Engine, The- 
| ory of two Sorts, ii. 73 n. For raiſing Water by 
Steam, ii. 73 n. et ſeq, Improvement in, by 
Mr. Payne, ii. 87 n. 


| Fits of eaſy Reflection and Tranſmiſſion, what, 1i. 336. 


Adedus agendi of, what, ii. 336 n. 
Fixity, 


INDE x. 


Fixity, what, i. 27. 
Flame, Difference between it and Fire, ii. 283 n. 
Florentine, Experiment with a Globe, i. 251 n. £ 
Fluids, Werten Figure of, accounted for, i: 38 n. 
What, i. 249. Four Characteriſticks of, illuſtrated, 
i. 249 n. Subtility of the Particles of, i. 251 n. 
Laws and Properties of, i. 250. Gravitate on one 
another, i. 252. Their Preſſure, i. 254. Abſolute 
Gravity of, i. 254 n. Preſſure upwards and down- 
wards, equal, i. 255. Surface of, perfectly ſmooth, 
i. 257. Figure of the Surface convex, i. 258; 
Why this Convexity does not appear in Fluids of 
ſmall Extent, i. 258 n. Preſſure of a Veſſel, 
what, i. 259. Eaſy Way of computing by Series, 
i. 260. Objection anſwered, ibid. Preſſure againſt 
the Side of a cubical Veſſel, what, i. 261. Upon 
the Bottom of any Veſſel proportional to the Altitude 
only, and why, i. 265, et ſeg. Lateral Preſſure, 
what, i. 262 n. Difference between Fluids and 
Solids, i. 263n. Preſſure on the Bottom of Veſſels 
eſtimated, i. 263 n. et ſeg. General Theorem for, 
i. 264. Preſſure, Centre of, what, i. 265 n. Ex- 
actly balanced by a Fotte Equal to the whole Preſ- 
fure, ibid, Centre of, Preſſure the ſame as of Per- 
cuſſion, i, 266n- Reaſon for trying them with the 
Hydrometer, i. 280. Specific Gravity of, how de- 
termined, i. 285. Motion, to what- owing, ii. 2. 
Natural Motion of, from Gravity, ii. 3. Rea 
ſon for, ii. 3. The Particles of are ſolid Bodies, 
and obſerve the ſame Laws with theſe, ii. 4n. De- 
monſtrated, ibid. Eaſily conveyed thro* Syphons, 
ii. 11. Velocity of a Spouting one, ii. 33n. The 
Force of any projected Fluid eſtimated, 1i. 35 n. 
Motion of cauſed by Attraction, ii. 91. Illuſtrated 
in the "Tides, ibid. et ſeq. 
Fluidity accounted for, 1. '32n. 
Fluxions, univerſal Method of determining Reflection 
and Refraction, iu. 3 n. | 
Fly. See Fack. 
Flying, impoſſible in Man, ii. 155 n. | 
Focal Diſtance of Convex and Concave Mirrours, Rule 
for finding, ii. 21. 


E e 2 Feci, 


IN D E X. 


Foci, or focal Points of an Ellipſis, what, iii. 143. 
Focus, what, iii. 15. Why fo called, iii. 16. Imagi- 
nary or virtual, what, iii. 21. Solar, what, yi. 21. 
Poſitive and negative, what, iii. 22. In double con- 
vex Lens, Rule for finding, iii. 25. 
Foot, Engliſh, compared with Standards of diverſe 
Nations, iii. 293 n. 
Force, relative, what, i. 22 n. Of Bodies in Motion, 
Controverſy about, i. 241 n. Of the Moon and Sun, 
ti. 106 n. Of the Air's Repulſion, ii. 135 n. Of 
Wind on the Sails of a Mill computed, ii. 215 n. 
Of Wind mathematically calculated by the Anemo- 
ſcope, ii. 211n. Centripetal Law of, determined, 
ni. 150 n. et ſeg. Projectile Ratio of, iii. 153 n. 
orces with which a Body is attracted on two Spheres, 
i. 87 n. Two acting on a Projectile, 'i. 129. Cen- 
tral, i. 133—136. Centrifugal, what, i. 135. Cen- 
tripetal, what, i. 136. Of the Sun and Moon in 
raiſing the Water, computed, ii. 102 n. 
Forcing Pump, Conſtruction of the common, ii. 56 n. 
Fountains, Hypotheſes of, ii. 10 n. Origin from the 
Sea, wrong, it. 1o n. T'wo Principles of, ii. 11 n. 
Natural, accounted for from Preſſure, ii. 20. 1 
Friction, its Effect on a Machine, i. 170. Not prü- 
rom to the Quantity of the Surface, but to the 
eight of the incumbent Part, i. 179. Several Par- 
 ficulars of, i. 179 n. How diminiſhed in any Machine, 
I. 182 n. Particularly in Wheels, i. 183 n. 
Fuſion accounted for, i. 34 n. 


a | G. 
AGE, Deſcription of, ii. 23. | 
Galilzan Teleſcope, the firſt invented, iii. 63. 
Galileo, Fupiter's Satellites diſcovered by, iii. 23 n. 
Gates of a Lock, i. 162. 


Gennes, M. de, his Clock aſcending on an inclined Plane, 
i. 20 n. 


Glaſs Tubes, Phænomena of capillary, i. 23 n. See 
| pillary. Drops, Phænomena of, i. 38 n. Reading, 

Nature of, iii. 38 n. 4 
Glaſje:, different Properties of, in Reflection, iii. 8 n. 
Ni. 


IN U. 


Univerſal Method by Fluxions of, ſhewing the dif- 

terent Effects in Reflection and Refraction ili. Zn. 
1 in the Ellipſis, iii. 5n. Hyperbola, 

ibi Parabola, ibid. And in * T ellip- 
tical, or parabolical reflecting Surfaces, iii. 6 n. 
Kinds of, what, iii. 19. Viſual explained, iii. 397. 

Globe, Problem curious, for finding its Thickneſs, ii. 
152 n. Celeſtial, ſeveral Problems on ſolved, iii. 
268, et ſeg. Aſtrohomical Problems repreſented on, 
iii. 277 n. Terreſtrial deſcribed, iii. 279. * 
blems, ſeveral ſolved on, iii. 284. 

Gnomonicks, philoſophical Principles of, u;:.268a... 51 

Goſſet and de la Denille, Meſſrs. excellent Lifting Pump 
deſcribed, ii. 65 n. , 

Graveſande, Dr. his Helioſtata deſcribed, iii. 89 n. 

Gravitation, Attraction of, i. 82. Of Fluids, 1 i. 2 52, 
253- 

Gravities, ſpecific, Tables of, i. 290 n. 

Gravity, what, i. 86. Specific, of Fluids how deter- 
mined, i. 285. Mean, of Air, what, ii. 151 n. 
Greatelt of the Air, ii. 125n. See Attraction. 
Gray, Mr. his Experiment to prove the Attraction of 

the Heavenly Bodies decric, i. 41n. 
Gregory, Dr. J. Teleſcope . by, iii. 75 n. Im- 
mm by Mr. Hadley, ibid. Small Alteration by 


Gal ram, ibid. | 
Gregory Xl It. Pope, reforms the Calendar, iii. 240, , 
Gulf, what, iii. 284. * 


H. 
AA Mr. Experiment for recovering the decayed 
Virtue of Loadſtones, i. 50 n. 

Hail accounted for, i. 27. 

Hales, Dr. his Experiment on ſeveral live Animals, ii, 
37n. For producing Air, ii, 115 n. Graduations 
on his Thermometers, ii. 186 n. Computations 
relating to Bellows, ii. 218 n. Invention of the 
Sea-gage, 139 n. 

Halley, Dr. Hypotheſis for the Variation of the Needle, 
bs 46 n, His Obſervation on Vapours falling on the 
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Mountains of St. Helena, ii. 12. Experiment made 

in that Iſland, ibid. et ſeg. In the Mediterranean and 

Thames, ibid. An Objection to his Theory of Va- 

pours anſwered, ii. 18 n. Form of a Diving-Bell 

deſcribed, ii. 175 n. The principal Phenomena of 

Wind taken from his Hiſtory and Map, ii. 201 n. 

Solution of a Problem of Venus appearing in the 

Day-Time, iii. 135 n. Method of calculating the 

Quantity of the Tropical Year, iil. 225. 

Harmony, what, ii. 255. 

Halo's, how formed, ii. 368. 

Harmonical Proportion, what, 1i. 256. 

Harpſichord, ocular, attempted for entertaining the Eye 
"with Harmonic Colours, ii. 322. 

Harveſt Moon, Phænomena of explained, iii. 275. 

 Hawhkſbee's accurate Method for finding the refraQive 
Power of the Air, ii. 39 n. | 

Heat and Ebullition accounted for, i. 27 n. And Cold 

indurated by the Spring of the Air, ii. 181 n, A ge- 

neral Cauſe of Wind, ii. 203. What, ii. 279 n. 


When a vor” 

Heliometer, what, iii, 373. Invented by Servington Sa- 

vory, ibid. ct ſeg. | 

Helic/tata. Dee Graveſande. 

| Hemiſphere, Property of, in Glaſſes, iii, 17 n. Cele, 
ſtial, what, iii. 297. | 

Heteroſctt, who, iii. 283. 

Hieros Crown. See Archimedes. | 

Hiſtory of the Principal Phænomena of Winds, ii. 201. 

Hyperbola, Properties of, i. 326 n. | 

Flooke, Dr Inventor of the Wheel Barometer, ii. 138 n. 

Horary Cirele and Index, what, iii. 177. 

Horizomal Amplitude of Projection, i. 129. Random 
of Projection, what, i. 129. Inſtrument to draw a 
Line truly ſo, ii. 5 n, Dial, what, iii. 271. 

Heſtins, Mr. Jaſbua, his curious Mercurial Pump, as 

improved by Dr. Deſaguliers, ii. 57 n. | 

Hour-Lines, what, iii. 270 n. 


Huy- 
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Huygens's Theorem for the beſt Lenſes, iti. 63 n. Long 
Teleſcope of common Uſe, ibid. & ſeq. Contrivance 
for fixing Object-Glaſs on a. Pole, ibid. Table for 
Teleſcopes, in. 71 n, | 

— what, ii. 2. Signal Example of the Uſe 
of, ii. 36 n. 1 & ak 

Hydrometer, Reaſon for = Fluids by, i. 280. Uſe- 

fulneſs of, i. 281n. Eription of the common, 
ibid. Not the beſt Structure, ibid. How improved, 
i. 282n. Several Experiments with, i. 282. How 
to adapt this Inſtrument to all Uſes, ibid. Beſt Me- 
_ for trying Proof-Spirits, i. 283. Rationale of, 
4; | | 

Hydroftatic Balance, Uſe of, i. 282, & ſeq. Deſcription 
of its Parts, i. 284. Different Gravities of Solids 
and Fluids compared by it, i. 285 n. How common 
Water might be made a Standard, i. 2B6n. - | 

Hydroſtatics, recommended by Mr. Boyle, i. 310. 
Uſefulneſs of, i. 309. Paradox in, ſolved, i. 267 n. 
Conſequences from, i. 268 n. What, i. 249. 
Uſefulneſs ſhewn in ſeveral Inſtances, i. 298. Ts 
find the Quantity of, Preſſure againſt a Shore or 

Bank, i. 301. Other uſeful Problems, i. 310 n. 

e ſeq. Reſiſtance of Mediums computed, i. 

12. 

Fx DOT its Uſe in finding the Moiſture and Dry- 
neſs of Air, ii. 187. Beſt form of, ii. 188 n. | 

Hypotheſes, three of the Mundane Syſtem, iii. 95. 


Lt 


ACK, common, what, i. 186. Fly in the Chimney. 
Jack, Uſe of, i. 188 n. Beſt Form for one, 
i. 189 n. Great Powers of computed, ibid. & /zg. 
Fet-d Eaus, Theory of, ii. 22 n. Why they do not 
riſe to the Height of the Reſervoirs, ii. 23 n. Ve- 
locity af one demonſtrated, ii. 25 n. Tables of the 
Height to which they riſe, ii. 27 n. Path they de. 
ſcribe, ii. 34. : ; | 
Tilumingtion, Circle of, what, iii. 77. 
Images of Objeas in various G aſſes, iii. I2 N. Several 
Ee4 Theo- 
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Theorems for finding, ibid. & ſeg. Of Objects, vari- 
ous Poſitions of, iii. 22. Of Objects, in what F Q=- 
cus of refrangible Rays to be placed, iii. 72 n, 
Imaginary or N rtual Focus, what, iii, 21, © 
Impenetrability. See Solidity. | | 
Impetus, what, i. 129. 
Incidence; Angle of, ii. 295, 296 n. And Refrac- 
tion, the Sines of the Angles of proportional, ii, 297. 
Inclinatian of the Needle, i. 46 n. 
Inclined Plane, what, i. 166. Several Particulars of, 
1. 172 n. ; 
* of Light. See Refledtion of Light. 
Index horary, iii. 177. 
on-Bars, Lian of Magnetiſm an No) i. 58n, 
T and, what, iii. 283. 
bmus, what, iii. 283. | 
Julian Period, what, iii, 247. 
Ju 's ter, three Belts obſerved, iii. 114 n. Has four 
atellites, iii, 118. Diftance from the Sun, iii. 125 
n. Why his Moons move apparently in a right Line, 
iii. 123 n. Direct and retrograde, why, iii. 124. 
Moons, Method of finding the Gangs: of the 


outermoſt, iii. 129 n. 
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"T ABEL, ſolar, what, iii. 177. 

Lake, what, iii. 284. 

Lanſdown Hill, by Bath, "Spring near the Ter of, i. 
.Jon- 

Lanthorn, Magic, what, iii. 78. 

Latitude of a Star, what, i iii. 258. Of a Place on the 
"Terreſtrial Globe, what, i iii. 280. 

Laws of the Attraction of Coheſion, i. 17. Generil 
of Motion, i. 101, 10a, 105 n. Of Fluids, i. 250. 
Immutable, regulating the nd Motion of the 


Planets, i m. 146 n. Of the entripetal Force, iii. 
150 n. & /e 


£89, Intenſity c of its burping, ii. 282, Separating Row 
ik 
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like a Priſm, ii. 314. Axis of, what, iii. 2 n. Ver- 
tex, what, ibid. Several Kinds of, iii. 2 n. What, 
and how many Sorts of, iii. 19. Refraction by, iii. 
24. Double and equally Convex, Rule for finding 
its Focus univerſally, iii. 25. Convex, remedy the 
Flatneſs of the Cornea, and Cryſtalline Humour, iii. 
40. Convex, Advantages of, iii. 41. The Imper- 
tection of its Figure, iii, 62 n. How remedied by 
the old Opticians, ibid. And how by Sir 1ſaac New- 
Ton, ill, 63 N. 6 ' : | . 5 

Level for a ſmall Diſtance, ii. 5n. | 

Lever, what, i. 161. Five Kinds of, i. 164. A Com- 
pound Pendulum, 1. 173 n. Several Properties of, 
ibid. & /e. Table of Powers, i. 179 n. 

Libration of the Moon, what, iii. 120n. _ 

Liburkun, Dr. Invention of ſolar Microſcope, iii, 86 n. 

Lifting Pump, Conſtruction of, ii. 56 n. An excellent 
one invented by M. Gaſſet and de la Denille, ii. 65 n. 

Light, Reflection and Inflection of, i. 38 n. What, 
ji. 267, The immediate Means of Sight, ii. 268. 
Remarkable Properties of, ibid. & eg. New- 
tonian Theory of, ii. 270 n. Velocity of its 
Rays, ii. 271 n. Weight of inſenſible, ii. 272 n. 
The Particles of, have Magnitude, ii, ibid. 
Reflections from Bodies, ibid. & ſeg. Rays of 
reflected from various Mediums, 1i. 296, Rays of, 
how Bodies act upon them, ii. 300 n. Reflection 
and Refraction of, how cauſed, ii. 301 n. Velocity 
of, ii. 303 n. Refrangibility of, ii. 313 n. Rays of 
how reflected, ii. 326. Rays of pervade a rare Me- 
dium leſs than a denſer, ii. 328. The Reflection of 
the Particles of, ii. 332 n. How variouſly diſpoſed to 
be reflected and tranſmitted, ii. 337. Velocity of un- 
known to the Ancients, ii. 273 n. Rays of, how 
,, TE . 

Lightning and Thunder, how cauſed, i. 37 n. 

Line, what, i. 6. Of the Apſides, iii. 87. 

Load- Stone. See Magnet. | 

Lock, what Angle the Gates of one ſhould form with 
the Sides of a River, i. 228. | 

Longitude of a Place, how determined by Fupiter's Sa- 

; e 
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tellites, iii. 125 n. Of the Sun or Stars, what, iu. 

257. Of a Place, what, iii. 281. = 
Lagarithmic Curve, its Nature inveſtigated, ii. 250 n. 
Lunar Eclipſe, Theory of, explained, iii. 339, & ſeq. 
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: bune, Effect of Friction on, i. 170. Compound, 
what, i. 180. Greateſt Perfection of, i. 184. 

Friction of, how diminiſhed in, i. 182 n. 183 n. 

Maculæ. See Spats. 

Magic Lanthorn, what, iii. 78. 

Magnetic Effluvia, Method of rendering them viſible, 

i. 44 n. Attraction, its Law not aſcertained, i. 47 n. 

Magnet, ſeveral Properties of, i. 42, and i. 43 n. A 
ſurpriſing Property of, ibid. & ſeg. Different Powers 
of, i. 47 n. & ſeq. 

Magnetiſm, Inſtances of acquired by Iron Bars, i. 48 u. 
Several Methods of communicating, ibid. & . 
Mr. Haac's Experiment for recovering the decayed 
Virtue of Loadſtones, i. 50 n. 

Magnets, how to make artificial, i. 75, & ſeg. 

| Magnitude of Bodies, what, i. 6 n. Centre of, what, 
i. 148. | , 

Maps of the World, what, iii. 299. Principles Philo- 
ſophical of, iii. 306 n. 1 

Matter in all Bodies the ſame, i. 4 n. Difference ariſes 
from various Modifications, i. 3. Exemplified in 
Water, i. 5 n. Figurability a Property of, i. 8 n. 
Infinitely diviſible in a mathematical denſe, i. 9. 
Mobility of, i. 10. Vis inertia of, what, i. 11. 
Attraction of, what, i. 12. Repulſion of the Particles 
of, . py | b 

Maxima and Minima, Examples of, i. 228 n. and i. 

230. Bees conſtruct their Cells by, i. 234 n. 

Mechanical Powers, i. 161. Why ſo called, ibid. 

Mechanics, fundamental Principle of, i. 162. Not un- 
derſtood by thoſe who imagine, che Poſſibility of a 

rpetual Motion, i. 162. Demonſtration of the 
1 Principle by Sir Iſaac Newton, i. 167 n. 

' Mechaniſm of the Parts of Clocks and Watches, i. 
a 190 
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190 n. Of the Minutes and Seconds in a Clock, i. 
197 n. Of the ſtriking Part, i. 198 n. Of Wind- 
ills, i. 219. | 

Mediterranean, Vapours exhaled from, ii, 13 n. In- 
flux from the Ocean, whence, ii. 14 n. 

Mediums, Reſiſtance of, i. 312, & ſeg. 6 

Meniſcus, why beſt in Catadioptric Microſcopes, iii. 
50 n. Species of Lens, iii. 19. 

Mercator's Projection, what, iii. 309. Of greateſt Uſe 
in Sailing, ibid. & ſeg. 

Melody, and Harmony, compoſed of twelve Notes, ii. 
255. 

Mercurial Pump, a curious one, invented by Mr. Ho- 
ins, and improved by Dr. Deſaguliers, ii. 57 n. & 
eq. Peculiar Manner of working, ii. 58 n. Ra- 
tionale of, ibid. & ſeg. Its Structure plainly repre- 
ſented, ii. 61 n. | | 

Mercury in the Barometer indicates the Quantity of the 
Air, ii. 125 n. A Table ſhewing its Aſcent and 
Deſcent, ii. 139 n. Mean Altitude of, what, ii. 145. 
Weight of a cubic Inch of, ii. 150 n. 

Meridian, what, iii, 174. General, what, ibid. Ho- 
rizon, what, ibid, 

Meridional Parts, Table of, for the oblate Spheroid, by 
Mr. Murdoch, iii. 313 n. 1 

Metals, Diſſolution of accounted for, i. 38 n. 

Meteors formed from Vapours, i. 34 n. | 

Metonic Cycle, what, ii. 56. | 

Micrometer, what, and how conſtructed, iii. 52 n. 
New Pocket one, iii. 53 n. Theory of a new one, 
iii. 574 General Rationale of, iti. 372, & ſeq. 

Applied to the refracting or reflecting Teleſcope, 
ili, 377. Its Application to refracting Teleſcopes 
leſs convenient, iii. 381. Liable to , Objec- 
tions, ili, 384. 

Microſcopes, fingle, Uſe of, iii. 12. Several Sorts of, 
illuſtrated; jii. 42 n. & ſeg. Single, focal Diſ- 
tances of determined, iii. 44 n. Double, what, 

iii, 45 n. Catadioptric, Conſtruction of, iii. 49 n. 

Reflecting or catoptric, Conſtruction of, iii. 50 n. 

Power of magnifying eſtimated, ibid. & ſeg. gh 
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and univerſal, iii. 53. Mic roſcope Solar, what, iii, 
80. Difference between it and the Magic Lanthorn, 
iii. 81. Common, Form of illuſtrated, iii. 88 n. 
Two Forms of, iii. 86 n. How uſed, iii. 87. New 
one, iii. 366. Several Improvements in, ibid. & ſeg. 
Its various Parts deſcribed, iii. 368. Univerſal, elegant 
Conſtruction of, iii. 364. 
Mill, Conſtruction of Dr. Barker's new invented one, 
1. 215 1. 8 
Mills. see Water and WWind-Mills. 
Mineral Springs, how cauſed, ii. 18 n. 
Mirrours, prodigious Effects of, ii. 287. The Power 
of Burning in M. Villette's, computed, ii. 288 n. 
- What, and how many Sorts of, iii. 19. Convex, 
Reflection in luſtrared, iii. 20. Convex and con- 
cave, Rule for finding the focal Diſtance of, iii. 21. 
Mobility of Matter, what, i. 10. 
Modifications, various, form the Difference of Bodies, 
i. 3. See Matter. | | . ; 
Momentum, or Quantity of Motion, what, i, 92, In 
the compound Ratio of the Quantity of Matter and 
the Velocities of Bodies conjointly, i. 93. General 
Expreſſions for, ibid. n. 
Monſoons, various in different Seas, it. 204 n. Their 
breaking up, what, ii. 205 n. Cauſes of, ibid. 
Month, periodical and ſynodical of the Moon, . what, 
i. 119 n. Korg 
Moon, its Attraction cauſing the Tides, ii 91 n. When 
conſpiring with that of the Earth, illuſtrated, ii. 93. 
When that of the Sun is added, illuſtrated, ii. 94. 
And Sun, Forces af in railing the Waters computed, 
ii. 102 n. The Elevation of the Waters in by the 
Earth eſtimated, ii. 110n, Her Force only ſenſible 
on the Waters, ibid. Without any Atmoſpherc, 
why, iii. 116 n. Has Variety of Mountains, ibid. 
Spots on, what, iii. 117 n. Cavities, deep, ibid. 
Bright circular Limb, why it, does not appear jag- 
ged, iii. 118 n. Has no Seas or Lakes, ibid, Spots 
in, unchangeably the ſame, ibid. Periodical Month, 


what, iii. 119 n. Synodical, what, ibid. Phaſes, _ - 


different, of, accounted for, iii. 120 n. Libration, 
what, iii; 120 n. Orbit, and the Phænomena of, 
ibid. 


EN. 


ibid. What Quantity of its viſible Surface illu- 
mined, iii. 121 . Elongation of, what, iii. 121 n. 
Phaſes of ſnewn by the Orrery, iii. 192. Dark Sha- 
dow, what Part of the Earth's Surface it involves, 
iii. 195 n. Its Appearance in an Eclipſe to what 
owing, iii. 202 n. Motion of, ſimilar to that of 
the Ocean, iii. 319. Harveſt. See Harve/t-Moon. 
Motion, the Deniers of, deny a Vacuum, i. 11 n. What, 
i. 88. Abſolute and relative, i. 89 n. Equable, 
what, i. 89, Accelerated, i. 30. Retarded, ibid. 
Equable, how generated, i. go n. Accelerated, 
how produced, ibid. et ſeg. Continually retarded, 
how, i. 91 n. Bodies projected upwards, ibid. Ve- 
locity of, what, i. 91. Momentum or Quantity of, 
i. 92. Firſt general Law of, i. 94. Second general 
Law of, i. 97. Third general Law of, i. 99, 103. 
Of Bodies deſcending freely in Vacuo, i. 108. Six 
Properties of, ibid. The Velocity proportional to 
the Time of the Fall, i. 109 n. The Spaces are as 
the Squares of the Times, ibid. Of Bodies deſcend- 
ing on inclined Planes and curved Surfaces, i. 111. 
Six Properties of, ibid. Deſcent in a reſiſting Medi- 
um, ibid. Circular, i. 132. Properties of, i. 136. 
Law of Gravitation at the Moon hence diſcovered, 
ji. 141. Mechanical, the ſole Principle of, what, 
1. 148. Centre of, what, i. 148, Perpetual, Impoſ- 
ſibility of, i. 162 n. Of Fluids, to what owing, ii. 
2. Of Sound, equable, ii. 237 n. Of the Earth's 
Axis, phyſically explained, iii. 351. 
MAoreland, Sir Sama Inventor of a Barometer, ii. 
126 n. 
Meſes, a Paſſage from, how to be underſtood, iii. 96 n. 
Mountains have no Springs on their Summits, ii. 15 n. 
How Vapours cartied to their Ridges are diſpoſed of, 
ii. 13n. Lunar, curious Problem for meaſuring the 
Height of, iii. 117 n. 
Mundane Syſtem, iii. 94 n. et ſeg. Idea, auguſt, from, 
iti. 96 n. Moſes, Paſſage of, how to be underſtood, iii. 


n. | 
Miſe, viſual, by an ocular Harpſichord, ii. 321 n. 
Myops, or Purblind Perſons, Peculiarities in, iii. 40. 


N. 
N Auro Day, what, iii. 123. Philoſophy, what, 
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n. 

Nature, moſt of the Phænomena in, accounted for by 
Attraction and Repulſion, i. 39 n. 

Needle, Dipping, what, i. 42. — of its Decli- 
nation and Inclination, i. 46 n. Variation of ac- 
counted for, i. 44 n. 

Nettleton, Dr. Table of Experiments for the Altitude 
of Mercury in the Barometer, ii. 133. 

Newcomen and Cowley, their Contrivance for raiſing 
Water by Steam, ii. 74 1. 

Newſham's Water-Engine with ſome Variation, ii. 45. 
Motion of the Water in, how effected, ii. 49. Wa- 
ter-Engine, greateſt Artifice in the Contrivance of, 
ii. 6g n. Its Rationale, ibid. and 70 n. 

Newton, Sir Iſaac, his Manner of accounting for ſeve- 
ral ſubterranean Phænomena by Attraction of Co- 
heſion, i. 32. His Demonſtration of the fundamental 
Principles of Mechanics, i. 167 n. Experiments with 
Globes to ſhew the retarding Power, i. 322 n. Ex- 
periments, Table of, i. 324 n. and 325 n. Theory 
of the Tides, ii. 98 n. His Theorem for inveſti- 
gating the Rarefaction of the Air at any Altitude, 
11. 144n. His 1 hermometer, ii. 183 n. How con- 
ſtructed, ibid. Oppoſed by Profeſſor Euler, ii. 105 n. 
His Hypotheſis about an elaſtic Medium reQified by 
le Sieur and Facquier, ii. 225 n. His Explanation of 
the Nature of Waves, ii. 229 n. More nicely deter- 
mines the Velocity of Light, ii. 27 = Accounts for 
the Poroſity and Hardneſs of Glaſs, ii. 294 n. 
His Table of the Proportion of the Sines of Incidence 
and Refraction in yellow Light, ii. 338 n. His Me- 
thod of determining the Refrangibility of ſeveral inter- 
mediate Rays, ii. 321 n. et ſeg. His Reaſons for the 
Reflection of Light, ii. 332 n. Fits of eaſy Re- 
flection and Tranſmiffion. proved by Experiments 
with two Priſms, ii. 237 n. Definitions and Pre- 
cautions with Regard to the Doctrine of Colours, 
ii, 354 n. et ſeq, His elegant Demonſtration of the 

| __ Imper- 
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Imperfection and Error in the common refracting 
Teleſcope, iii. 55 n. et ſeg. The periodical Times 
of the primary Planets ſtated by, iii. 105 n. Firſt 
_ inveſtigated the conical Motion of the Earth's Axis, 
iii. 170 n. His aſtronomical Principles of Chrono- 
logy, iti. 248. Determined the Era of the Argo- 
nauts, iii. 269, et ſeg. 

Newtonian Syſtem, that of Copernicus ſhould be ſo 
called, iii. 103 n. Cometography, a Compendium 
of, iii. 203 n. 5 

Nonius, what, and why ſo called, ii. 131 n. Deſcribed, 
ibid. 

Notes, Muſical, Number of exhibited, and their Na- 
ture accounted for in a Harpſichord, ii. 254. 

Notiometer. See Hygrometer. 

Mehtbemeron, what, iii. 223. 
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ON, of the ſimple Colours, what, ii. 322, and 
323 n. The Images ot, in various Glaſſes deter- 

mined, iii. 12 n. 

Ob ſcura, Camera, what, iii. 78. 

Occultation of Venus and Mercury, Uſe of, iii. 140 n. 

Opacity of Bodies accopnted for, ii. 291 n. Where, 
li. 329. 

Opal why a Body is fo called, ii. 285, et ſeg. 

Optics, Subject of, what, iii. 2. Diviſion of, iii. 2 n. 
Principal Parts of, iii. 3. | 

Orrery, what, i. 202. An adequate Repreſentation of 
the Solar Syſtem, iii. 154. Origin of, iii. 165 n. 
Principal Uſes of, iii. 166. By Pofidonins, deſcribed 
by Cicero, iii, 166 n. Contrived by Severinus Boe- 
thinus, iii. 167 n. Hemiſpherical, deſcribed, iii. 
168 n. Large one by Mr. Rewley, iii. 168 n. What 
Sort the beſt, iii. 169 n. The Circles on, explain- 
ed, iii. 178 n. Shews the Variety of Seaſons, iii. 
179, et jeg. The various Phaſes of the Moon, iii. 
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192. Eclipſes of the Moon, iii. 192. Tranſits of 
Mercury and Venus, ibid. by Mr. J. Neale, i. 204 n. 
b Centre of in a Pendulum, i. 122. 
tacouſtics, Inſtruments why fo called, ii. 246. 
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| bat deſcribed by a Projectile, how, i. 131. Its 
Properties, ibid. n. By Jel. d eaus, ii. 30 n. Areas 

of, deſcribed by a Comet, iii. 206 n. Diurnal and 

| Horary, i itt. 20% n. 

Paradox, hydroſtatic, Solution of, i. 267 n. Remark- 
able Proof of, i. 280 n. 

Parallax of the Sun, what, and how determined, iii. 
109 n. Horizontal, the Moon's Diſtance from the 
Earth determined by, iii. 115 n. Found in the fixed 
Stars, ibid. et ſeg. 

Parallel Rays. See Rays. 

Parent, Mr. propoſes Sale of a Mill in Form of ellip- 
tical Sections, 1. 217 n. / 

Particles of Fluids, ſolid Bodies, ii. 4 n. 


Payne, Mr. his Improvement in the Fire-Engine, ii. 


87n 
— Doctrine of, i. 117. Ste Cycloid. Several 
Uſes of, i. 123, 124 n. An univerſal Standard of 
Meaſure, i. 124 n. Inconvenience from Heat and 
Cold, i. 125. Uſe of a Mary one, i. 127 n, 
Compound, what, i. 17 


Pendent Barometer. See e 


Peninſula, what, iii. 283. 
Penumbra of the Moon, what, iii. 194 n. Its Diame- 
ter at the Earth, iii. 195 n. 
Perihelion, what, ii. 109 n. Force of the Sun on the 
Waters greater in, ibid. 
Period, Dionyſian, what, iii. 247. Julian, what, ibid. 
Periodical Times of the Planets, a Table of, i. 203 n. 
Periœci, who, 11,282. 
Periſcii, who, iti. 283. 
Peritrochio. See Axis in Peritrochio. 
Perpetual Motion, Abſurdity of ſhewn, i. 1631. 
Phaſes, different, of the Moon, iii. 120 n. Of the 
Earth ſeen from the Moon, what, iii. 122 n. Of 
Saturn's King, iii. 127 n. 
Phenomena, ſeveral, rationally ſolved by the Attraction 
75 Coheſion, i. 24 n. Subterranean, accounted for, 
32. Of Capillary Syphons, i. 35 n. Of Glaſs 
5 Lang i. 38 n. Moſt of thoſe in Nature folved by 
Attraction and Repulſion, i. 3 Particular, of 
the Tides explained, ii. 98 n. Principal, of Wing 
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accounted for, ii. 201 n. Principal, of Sound explain- 
ed, ii. 225 n. Of Colours accounted for, ii. 365 n. 
Of the Camera Ol ſcura, iii. 8 n. Of the Earth 
from the Moon, what, iii. 122 n. Of the Planets 
prove the Copernican Syſtem, iii. 137 n. et ſeg. Se- 
veral, from the Motion of the Earth's Axis, iii. 170 n. 
Of a Comet moving in a Parabola, iii. 211 . Of 
the Harveſt Moon explained, iii. 275. | 
Philolaic Syſtem, why ſo called, iii. 103 n. 
Philoſophizing, Rules of, i. I, et ſeq, 
Philoſopby, Experimental, Buſineſs of, i. 1. Natural, 
what, i.4 n. Mechanical, what, i. 224 n. 

Phoſphori accounted for, ii. 280 n. | 
Place, true and apparent. See Parallax. Audible, of 
Sound, where, ii. 240. 8 
Planes, inclined, the Motion of Bodies deſcending on, 

i. 111. See Motion. Particulars of demonſtrated, 
1. 172, » 
. Orbits, their Eccentricity almoſt inſenſible, 
iii. 152. 
Planets, Number of, iii. 103. Primary, their periodi- 
cal Times ſtated, iii. 105 n. Inclination of their 
Orbits to the Ecliptic, what, iti. 108 n. Their Di- 
ameters determined, iii. 109 n. ef ſeq. Spots ob- 
ſerved in, iii. 113 n. Three, have their Satellites 
or Moons, iii. 114, 115 n. Conjunctions and Op- 
poſitions of, iii. 133 n. Their different Directions 
an irrefragable Argument of the Solar Syſtem, iii. 
137 n. Move round the Sun in elliptical Orbits, 
iii. 143. Illuſtrated, ibid. Their Orbits quieſcent, 
lit. 144 n. Their anomalous Motion determined, iii. 
146 n. et ſeg. Motion every where unequable, iii. 
147 n. Yet regulated by an immutable Law, ibid. 
Their Anomaly, what, and how found, iii. 16a n. 
Table of their periodical Times, i. 203 n. 
Planetarium, Theory and Structure of, i. 202 n. 
Plano-Concaves form no Images, iii. 26. 
Platonic Bodies, Number of, what, i. 9. | 
Plenum, Abſurdity of that of Des Cartes and his Fol- 
lowers, i. 11 nu. 1 | 
Pneumatics in Natural Philoſophy, what, ii. 113. 
Polar Circles, what, iii. 176. | 
Polyphonous Echoes, what, ii. 244 n. | 
ol. III. F f : Peroſity 
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Porsji ity and Hardneſs of Bodies, as Glaſs, e 
for, ii. 294. 

Pojidonius, Orrery of, deſcribed by Cicero, iii, 166 n. 

Power of Attraction, what, i. 14. See Attraction, 
Different, of Magnets, i, 47 n, Of Electricity, 
what, and how excited, i. 60. Mechanical Number 
of, i. 161, Of the Wedge demonſtrated, i, 172 n. 
Of the Lever- Table, for, i. 1790. Simple, com- 
bined in compound Machines, i. 180. Of Clocks 
and Watches, i. 189. See Clocks, Retarding, whence, 
i. 316 n, That by which Light is reflected and re- 
fracted, ii. 335 n. 

Pr cipitation, how accounted for, i, 36 n. 

Prime, vertical, what, iii. 268 n, | 

Princi . fundamental, of Mechanics, i. 162, Of 

oltatic Procelies, i 1. 271 n, 

2 dee Colours. 

| Pre blem, curious, ſolved and demonſtrated, ii. 152 n. 

Several uſeful ones in Hydroſtaticks, i. 303, et ſeq. 

How Glaſs poliſhed by fretting Subſtances can re- 

fl. ct, ſolved, ii. 334 n. Curious, for finding the 

VE | Heig the of 2 Lunar Mountain, iii. 117 n. Several, 
ſolved by Jupiter's Satellites, iii. 125 n, By Dr, 
Hafley from Venus's bose in the Day- time, iii. 
135 n, Famous, propoſed Kepler, iii. 161 n. 
10 determine the Ratio of Heat which any Place 
receives from the Sun, iii, 18 %y For — K the 
Heat of any Day, ibid. 4, Fereral, on the 
celeſtial Globe ſolved, ili, A ſeg. On the ter- 
reſtrial Globe, iii. 284. Ger nl ey by * rigono- 
metry, iii. 300 n. 

Preſſure of Fluids from their Gravity, i, 54+ 7 
Ea what, i, 265 n. Eafily conveys them through 
 Syphns, ii. 11. Cauſes the Riſe of Water in Wel S 
ii. 16. Of the Airs Game of the Motion of Fluids, ii. 39- 

Of Air on the Body of a Middle-ſized Man, what, ii. 

EF 148, How 2. 1 Fray + ii. 49. Effects of, 151 n. 

Proaile what, i, 1 cted upon by two Forces, 

.  tbid, What = + rides 1. 1 . Different 

| Amplitudes of, ibid. ow it deſcribes 1 
tola, ibid. 

Projecticn, the Merge Random of, i. 129. e 
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graphic, of the Sphere, iii. 306 n. Stereographic, 
Ii 307. Globular, what, iii. 283. 

ProofsSpirits, beſt Method of trying, i. 183 n. 

Properties, common, of Bodies, what, i. 6. Of Mat- 
ter, i. 8 n. Several, of Magnets, i. 42, 43 n. Of 
Cycloid, i. = Several of the Waves of Air, ii. 
229, et ſeg. Of Lenſes by Refraction, iii. 24: 

Proportion, harmonical, what, ii. 256. See Ratio. 

Proportional Balance, what, i. 169 n. 

Ptolemaic Syſtem of the World, what, iii. 87. 

| Pullies, what, i. 165. Particulars of, i. 170 n. 

Pulſes, aerial, what, ii. 228. Several Properties of, 
ll. 229. | 

Pump, common, Effect of, ii. 44. Shewn by a Model 
of one in Glaſs, ibid. General Rule for, ii. 54 n. 
Forcing, Conſtruction of, ii. 56 n. Lifting, how 
conſtructed, ibid, Mercurial, a curious one de- 
ſcribed, ii. 57 n. Lifting, excellent one at Paris, 
ii. 65 n. Greateſt Height, a ſingle one will raiſe 
Water by a Piſton, what, ii. 67 n. Compound de- 
ſcribed, ii. 74n. Not practicable by few Men, or 
Horſes, ii. 75 n. Eaſy by Steam, ii. 75 n. et ſeg. 

Purblind People, to what owing, iii. 39. Peculiari- 
ties in, iii. 40. | 
Pyrometer deſcribed, iii. 125 n. Table of Expanſion 

of Metals ſhewn by, iii. 126 n. 

Pythagorean, or Copernican Syſtem, iii. 97. Why ſo 
called, iii. 102 n. 


Q 
O Vaarant of Altitude, what, iii. 177. 
Quantity, how generally denoted, i. 7 n. 
R 


Nun, horizontal, of Projection, what, i. 129. 
Rainbow, natural Cauſe, what, ii. 367 n. Diffe- 
rent Affections of this Phænomenon illuſtrated, ii. 
368 n. Mathematical Principles, on which this 
Phænomenon depends, ii. 369 n. e 
Rains, why a Part of the Sea ſo called, ii. 102 n. 
Rarefaction of Water, ſhewn by the Aolipile, ii. go. 
Of Air in the Recipient of an Air-Pump, ii. 195 n. 
Ratio, what, i. 6 n. Simple, what, ibid. How ex- 
preſſed, i. 7 n. Diverſity of, ibid. Duplicate, what, 
ibid. Triplicate, _—_ ibid. Of projectile Force 
2 ; un 
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IN D E X. 
in a Circle to that in a conic Section determined, iti. 


LEED. 3 

Retinal of fifty Experiments on the Air- Pump, ii. 
-155 n. et ſeg. | ; 

Rays, different Refrangibility of, ii. 301, et ſeg. Re- 
fracted, appear in their proper Colours, ii. 312. Se- 
paration of by a Lens, ii. 314. Particular Degree 
of Refraction in each, ii. 315 n. Parallel, what, 
iii, 8. Converging, what, iii. 10. Diverging, 
what, iii. 13. Parallel, on a Plane Speculum, ho- 
reflected, iii. 21. 

Reading-Glaſs, Nature of, iii. 38. General Uſe of, 

co whatowing, iii. 41. 8 

Reciprocating Springs. See Springs. 

Re duplication of Sound. See Sound. 

Reflecting Teleſcope. See Teliſcope. Microſcope. See 
- Microſcope. ; 

Reflection and Inflection of Light accounted for, i. 38 n. 
Of Light, its Cauſe, ii. 336 n. Particular Manner 
of unknown, ibid. See Light. 

Refrattion, the particular Degree of every Species of 

Rays, ii. 315 n. To what owing, ii. 336 n. In 
. Curves of the conic Sections demonſtrated, iii. 18 n. 
. See Light. , 

Refratitve Power of the Air how determined, ii. 309 n. 

et /eq. 

Aeg of the Sun's Light accounted for, ii. 313 

n. Of ſeveral intermediate Rays determined, ii. 
321m Ne 

R n Rays, what, iii. 72 n. See Rays, 

Regular Bodies, 1. 9 n. 

Relative Force, what, i. 22n. Weight of Bodies, 
what, i. 85 n. Motion, what, i. 88, 89 n. 
Renitency of the Air, what, ii. 128. 8 

Repulſion, what, i. 13. Difference between it and At- 

traction, jbid, n. In the Air, its Force, ii. 135 u. 

Reſtitutive Force of a String, what, ii. 230 n. 

+ Retarded Motion, what, i. 8g,  *' 

Retina, what, iii. 29. "= 

Rbumb-Line, what, iii. 312 n. | 
Ring of Saturn deſcribed, iii. 124. Sometimes ob- 


ſerved double, iii. 128 n. 
Rivers, great, how formed, ii. 15 n. 
| | | Riſe 
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END EX 
Riſe of Fluids, by hat cauſed, ii. 2. 
Rotation, diurnal, oFthe Earth, 11. 97 n. 
| Rowley, Mr. his large Orrery, iii. 168 n. 
Rowning, Mr. Inventor of the Compound Barometer, 
ii. 128 n. | ir 
Rule, general, concerning Pumps, from the Theorem, 
ii. 54 n. For finding the focal Diſtances. of convex 
and. concave Mirrours, iii. 21. For finding uni ver- 


ſally the Focus of a Lens, iii. 25. Of philoſophiz- 
ing, i. 2, et ſeg. 


155 
OA of a Wind-Mill in the Form of elliptical Sec- 


tors, ii. 217 n. Beſt Poſition of, i. 219. Theory, 
Oc. of, 1. 220 n. 


Sailing, the only true Way of, iii. 306 n. 

Satellites of Jupiter, Times and Diſtances of their Re- 
volution, iii. 120, et ſeg. Firſt diſcovered by Gali- 
leo, iii. 123 n. Phaſes of illuſtrated, iii. 124 n. Re- 
volve about their own Axes, ibid. Noble Problems 

ſolved by, iii. 125 n. 

Saturn, his five Moons and ſtupendous Ring deſcribed, 
iii. 124. Different Phaſes of the Ring, iii. 127 n. 

Savery, Captain, Account of his Fire- Engine, ii. 74 n. 

Scale, diatonic, of Muſick, what, ii. 254. 

Screw, what, i. 166. Force of, i. 173 n. Archime- 

des's, for raiſing Water, deſcribed, ii. 66 n. 

Sea, what, iii. 283. | 

Sea-Gage, Deſcription of, ii. 139 n. How uſed, ibid. 
et ſeg. New. Form of for Depths deſcribed, ii. 

14 n. 

Seaſons, Variety of, whence, iii. 178. Various Ap- 

- pearances of, how cauſed, ii. 179, et ſeg. Shewn 
by the Orrery, iii. 179, et ſeg. Accounted for by 
the Earth's Mo ioa in its Orbit, iii. 480, 

Sectien of the human Eye, iii. 27 n. | me 

Semitones. See Scale of Mulick. 

Semi-Tychonic Syſtem, what, iii. 101 n. 

Shadow, dark, how eſtimated, iii. 198 n. Partial. 
Penumbra. © 

Sharps. See Tune. 

Shorthghted. See Purblind. 

Simple Ratio, what, i. 61. 


Sine 
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Sine of every Degree, Table of 8 Parts 
for, i. 226 n. the Angle of Incidence and Re- 
fraction, Method for finding, ii. 304 n. et ſeg. Of 
Incidence and Refraction in yellow Light, a Table 
of, ii. 308 n. | 

Share, De. his remarkable Experiment to produce Air, 
ii. 115 n. 

Smith, Dr. his catoptric Microſcope, iii. 51 n. 

Solar ' Syſtem proved to be true, iii. 129. Teleſcope 
and Microſcope. See Teleſcope and Microſcope, 

Soldering accounted for, i. 33 n. 

Solid, what, i. 6. 

Solidety, what, i. 7. 

Solſtices, or Solſtitial Points, what, iii. 175. 

Sounds, what, ii. 215. How propagated, ibid. Prin- 
cipal Phænomena of explained, ii. 225 n. et ſeq. 
Diſtinction of, whence, ii. 231. Utmoſt Limits of, 
what, ii. 232. Velocity of, ii. 233. How far au- 
dible, ii. 233 n. Real Velocity of inveſtigated, ii. 
230 n. Table of different Eſtimates of, ii. 237 n. 

otion of equable, found by various Experiments, 
ii. 237 n. Table ſhewing it, ii. 308 n. Accele- 
ration of, depends on the Wind, ii. 240 n. Single. 
See Echo. 

Saonorous Body, how it agitates the Air, ii. 232 n. 

Specific Gravities, Table of, i. 290 n. et ſeg. 

Spectacles, concave, Uſe of, iii. 40. Convex, Advan- 
tages of, ili. 41. Common, Fault of, iii. 398. Dif- 
ference between them and viſual Glaſſes, iii. 400. 

Speculum, convex and concave, iii. 75 n. Curious Pro- 
perty of, iii. q n. ; 

Sphere, Property of in Glaſſes, iii. 17 n. Of Attraction 
proved by Experiments, i. 22. Of Archimedes, de- 
ſcribed by Claudian, iii. 165 n. et ſeg. Right, what, 
iii, 261. Parallel, what, iii. 236. Oblique, what, 
iti. 265. Projection of in Plano, what, iii. 293. 

Orthographic Projection of delineated, iii. 306 n. et 


= {7 Stereographic Projection of, on what Principle 

depending, iii. 308 n. | 

Spirits, Proof, beſt Method of trying, i. 283 n. 

Spots in the Sun firſt diſcovered by Galileo, iii. 111 n. 

Some of conſiderable Magnitude, iii. '112 n. Pro- 
poltzon of their Surface to that of the Earth, ibid, 


Irregular, 
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Irregular A nce of, and what, iii. 313 n. Ob- 
| ſerved in the Planets, ibid. Uſes of, ibid. et ſeg. 
Spring, how cauſed, iii. 191. Tides, Time of hap- 

pening, ii. 96. | 

Springs, how ſupplied with Water, ii. 5. To what 
owing, li. 8. Feuntains. Intermitting and re- 
ciprocating, accounted for, ii. 11. Single, how 
formed, ii. 15n. Three Sorts of, ii. 16n. Re- 
ciprocating, how produced, ii. 16 . Odd Phæno- 
menon accounted for, ibid. Intermitting ac- 

cCounted for, ii. 17 n. | 

Standard, univerſal, of Meaſure, what, i. 124 n. 

Star, riſing or ſetting coſmically, what, iii. 260. Ri- 
ſing acronically, what, ibid. Riſing and ſetting he- 
liacally, what, iii. 261. Why appear and diſappear, 
iii, 202 n. Fixed, Diſtance of, iii. 263. Appareat 
Magnitudes, to what owing, iii. 264 n. Nebulous, 
ww ibid. Twinkling of, to what owing, iii. 265 
n. Small elliptic apparent Motion of, ibid. To 
what owing, iii. 266 n. et ſeg. 

Steam, Water raiſed by, ii. 74n. Rarity of, ii. 76 n. 

Steel, Manner of hardening, 1. 79 n. 

Stentorophonic Tube, why fo called. ii. 246. Structure 
of explained, ii. 247 n. 

Stereographic Projection of the Sphere, what, iii. 308 n. 

Strait, what, iii. 284. | 
Strings, muſical, ii. 251. Elaſtic, the Motion and Tone 

of accounted for, iii. 255 n. See Vibrations. 

Subterranean Phænomena accounted for, i. 37. 

Sucking Pump, the common, explained, ii. 56 n. 

Summer, Middle of, when, iii. 189. 

Sun, Revolution about its Axis determined, ii. 112 n. 

Demonſtrative Proofs for its being the Centre of the 
true Mundane Syſtem, iii. 132, et ſeg. Nearer the 
Earth in Winter than Summer, iii. 145 n. Appa- 
rent Motion quicker, ibid. Eclipſe of, how calcu 
lated, iii. 192. Times of entering the Equinox de- 


termined, iii. 225. How appears to move round the 


Earth, iii. 186, ef 47 ; 
8uperficies, what, i. 6. 

Synodical Month. See Moon. 
Syntheſis, in Natural Philoſophy, i. 4 n. 
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Syphons, what, ii. 2. Bent, accqunted for, ii. 19 n. 
Its Nature not underſtood by the Ancients, ii. 21 n. 
Capillary, Phænomenon of accounted for, i. 35 n. 
Siem, Mundane, what, iii. 94. Of the World, three 
celebrated ones, iii. 96. Solar, true one, what, iii. 
128, et ſeg, Recommends itſelf from right Reaſon, 
iii. 130 n. Demonſtratively proved by the Conjunc- 
tions of Mercury and Venus with the Sun, iii. 132, 
- 133n. By the Conjunctions and Oppoſitions of 
Mars, Jupiter, and Saturn, iii. 134. By the great- 
eſt Elongation of Mercury and Venus, iii. 137. Fur- 
ther Proofs: of, iii. 141, et ſeg. Adequately repre- 
ſented by the Orrery, iii. 154. 


T. 
＋ Ables of Weights to ſeparate the Coheſion of various 
— Bodies, i. 20 n. Of Experiments on various Fluids, 
1.28 n. Of Powers in the Lever, i. 179 n. Of 
correſpondent Parts for the Sine of every Degree, i. 
226 n. Of ſpecific Gravities, i. 290 n. Of the 
Height to which Jets riſe, ii. 27 n. Another aſcer- 
tained by various Experiments, ii. 28 n. Of Experi- 
ments for finding the Power of Fire-Engines, ii. 84 
n. Of the different Altitudes of Mercury in the Ba- 
rome: er, ii. 133 n. Of Altitudes for Mercury or Wa- 
ter, ii. 130 n. Of Degrees of Heat in Sir Jaac Neo- 
ton's Thermometer, ii. 185 n. Of the Equable Mo- 
tion of Sound, ii. 238. Of Meaſures, ii. 352 n. Of 
the Longitude and Latitude of a Comet, iii. 218 n. 
Of the Conſtellations, iii. 257 et ſeg. Of Arcs of 
the Meridian to the Spheroid in Minutes of the Equa- 
tor, iii. 203 n. 
Tails of Comets, how found, iii. 219. i 
Tantalus, what Kind of Syphon, and why ſo called, ii. 
20 n. | bs 
Tautological or prattling Echoes, what, ii. 244 n. 
Lee how many Sorts of, iii. 53. Refracting 
Conſtruction of, ibid. Power of Magnifying, iii. 
s © 54. Common refracting, the Imperfection of, to 
what owing, iii. 55 n. Refracting, Effect of a 
concave Eye-Glaſs inſtead of a convex one, what, iii. 
56. Diſadvantage of, iii. 58, Advantage of, — 
1 a 8 8 ne O. 
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60. Galilean, what, iii. 63. Cata- dioptrie or Re- 
flecting, Excellence and Mechaniſm of, iii. 64. Ae- 
rial, why fo called, iii. 65 n. Brightneſs of an 
Object in, what, iii. 68 n. Huygenss Table cal- 
culated, of, iii. 71 n. Gregorian, by Sir Iſaac New- 
ton, iii. 76 n. Cata-dioptric, Power of Magnifying, 

" lit. 77. Solar, what, iii. 84 n. How uſed, ibid. 
A new reflecting one deſcribed, 369, & ſeg. 

Thames, Quantity of Water paſſing daily through eſti- 
mated, 11. 13 n. 1 
Thermometer, what, and how conſtructed, ii. 180. Its 

Uſes, ii. 181 n. With Spirits of Wine, ii. 181 n. 
With Linſeed-Oil, ii. 182. Of Farenbeit deſcribed, 
ibid. Curious, Conſtruction of the Earl of Caven- 

diſh, ii. 187 n. | 

Theory of the Sails of a Wind-mill, i. 220 n. Of 
Wheel-carriages, 1. 229, 235 n. Of Pump-work 
demonſtrated, ii. 45 n. Of the Tides illuſtrated, ii. 
91. Of the compound Barometer, ii. 128 n. Of 
Wind-mills, ii. 212 n. Of Bellows, ii, 217 n. Har- 
monical, rendered more general, ii. 216 n. Of Light, 
ii, 270 n. Of Heat and Cold illuſtrated, ii. 282 n. 
Of Compounding the decompounding Colours, ii. 
363 n. Of Vition, iii. 27 n. Lunar explained, 

| ii, 319, & ſeg. Of the Sun, Earth, Jupiter and 
Saturn, iii. 356. Of a new Micrometer, iii. 372. 

Thunder and Lightning, how cauſed, i. 37 n. 

Tides, Theory of, ii. 91. Of Flood and Ebb accounted 
for, ii. 95. Autumnal, accounted for, 1i. 96, Ver- 
nal, accounted for, ibid. To what aſcribed by the 
Ancients, ii. 98 n. Phenomena of, agreeable to 
Experience, ii. 109 n. 

Time, what, iii. 222. Meaſured by the Motion of the 
heavenly Bodies, ibid. Subdiviſions of, iii. 223. 
Britiſh, Account of, iii. 240. The Emendation we 
uſe not ſufficient, and why, ibid. Equation of, how 
made, iii. 235. Not meaſured equally by any na- 
. tural Body, iii. 236. 

Tornados, why fo called, ii. 202 n. | 

Torricelian Vacuum exhibited, i. 64, & ſeq. Tube and 
Experiment, what, ii. 125 n. 

Torrid Zone. See Zone. 

Vo“. III. G 8 f Trade- 
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Trade-Winds, various Courſes of, in different Seas, ii. 
203 n. General, why they blow conſtantly, ii. 209. 
Tranſparent Bodies, what, ii. 290. | 
Triewale, Mr. Martin, his Form of a Diving-bell, ii. 
179 n. His Water- Bellows, ii. 219 n. 
Tr:plicate Ratio, what, i, 7 n. 
Trepics, what, iii. 176. 
Trumpet, Speaking, Nature of accounted for, ii. 242. 
Tubes, Phenomena of capillary, accounted for, i. 23 n. 
dee Capillary. T orricelian, what, it, 225 n. a- 
ter raiſed in by a Weight, i. 268 n. . 
Tune, derived from aerial Pulſes, ii. 250. 
Twilight, what, iti. 183 n. | 
Tweinkling of Stars, to what owing, iii. 265 n. 
Tychonic Syſtem, what, iii. 97. 
yt hon, what, 11. 43 n. 5 


; F/ Aevun, Argument for, i- gn. The Deniers of deny 
Motion, i. 11 n. Abſurdity of Des Cartes's Ple- 
num, ibid. Torricelian, exhibited, i. 64. On the 
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